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Abstract
There is growing evidence that females in the Middle East are not obtaining sufficient 
amounts of vitamin D, the perceived reason being their unhealthy lifestyle. This 
situation is a cause for concern particularly for adolescent females, because adequate 
vitamin D status has been shown to promote bone mineral accrual in adolescence. 
Achieving a high peak bone mass (PBM) may help decrease the risk o f post­
menopausal osteoporosis and fragility fractures. The aim o f this study was to assess 
the vitamin D status among Kuwaiti adolescent girls and to assess its impact and those 
of lifestyle, on their bone mass.
A total of 233 adolescent females (mean age 15.4 ± 1.67 y) were enrolled in the study. 
Fasting blood samples were assayed for vitamin D status (ie, 25(OH)D), parathyroid 
hormone (PTH) and adjusted serum calcium. Lumbar spine-bone mineral content (LS- 
BMC) (L1-L4) was measured using dual-energy x-ray absorptiometry (DXA) 
(Hologic, QDR 4500). Anthropometric measurements and skin colour-type were 
determined by standard methods. Food intake was assessed by a food frequency 
questionnaire. Duration of sunshine exposure, mode of dress and physical activity 
level were also obtained in standard questionnaires.
Results showed that mean ± SD 25(OH)D was 21.4 ± 7.39 nmol/L, whereas that of 
PTH was 9.8 ± 13.54 pmol/L, and mean adjusted serum calcium was 2.29 ± 0.11 
mmol/L. None of the girls had an adequate vitamin D status (serum 25(OH)D <75 
nmol/L), 89.3 % had levels below 30 nmol/L and 52.8 % had levels below 20 nmol/L. 
Mean ± SD LS-BMC was 47.5 ± 9.7 g. Only 33 % o f the girls consumed milk or sour 
milk daily, whereas 45 % of the girls consumed carbonated drinks daily. Only 15 % of 
the total girls were engaged in physical activity.
Milk intake was the only predictor o f vitamin D status in both seasons (<adjusted 
r2=0.016, p=0.032). Those who consumed milk less than 1 time/week had a mean ± 
SD 25(OH)D of 19.7 ± 6.5 nmol/L compared to those who consumed milk 1-2 times a 
week (21.3 ± 5.5 nmol/L). Those who consumed milk more than 3 times a week had 
the highest level of 25(OH)D (22.7 ± 8 . 6  nmol/L).
Predictors o f LS-BMC were puberty, body size and PTH {adjusted r2= 0.555, 
p<0.001). Milk intake contributed non-significantly to 1.2 % of the variation in LS- 
BMC, whereas, meat intake contributed negatively to 4.3 % o f the variation 
(p^0.007). Weight bearing activity contributed to 1.5 % of the variation in LS-BMC. 
Those who were physically active had LS-BMC of 51.8 ± 8.18 g vs. 46.58 ± 9.8 g 
among those who were inactive (p=0.06). The Kuwaiti adolescent girls were found to 
have a lower LS-BMC compared to their Lebanese, British and Caucasian Canadian 
counterparts.
Given their vitamin D deficiency, hyperparathyroidism, relatively low LS-BMC, 
inactive lifestyle and unhealthy eating habits, the Kuwaiti adolescent girls may face an 
increased risk for developing osteoporosis at an early stage in life. There is an urgent 
need for population-based health strategies to: ( 1 ) raise awareness on the significance 
of vitamin D to general health; (2) stimulate a healthier lifestyle, especially among 
adolescent girls.
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Chapter 1: Introduction
Vitamin D deficiency was thought to be an epidemic in regions depleted from sun 
shine during winter months. Extensive evidence shows that this is not totally the case, 
as vitamin D deficiency is equally reported from regions which enjoy sun shine during 
the whole year. Interestingly, the Middle East has reported notable numbers of 
hypovitaminosis D among the general population, but more commonly among females 
(Lips, 2007). Whereas increased published studies on vitamin D have been established 
in many parts o f the Middle East, there has not been enough studies with regards to 
vitamin D in females in a country like Kuwait. Only one study was found to evaluate 
vitamin D status among veiled and unveiled females (El-Sonbaty and Abdul-Ghaffar, 
1996) with limited tests and analysis of bone indices.
Adolescent females face a higher demand given the critical period o f growth with 
regards to bone mineral accrual. It is well proven that bone mass is accelerated with 
the onset of puberty and by the time it ceases at late adolescence, almost 90 % o f the 
bone is laid down during (Matkovic et al, 1994). Therefore, the adolescent years are 
tremendously important to obtain a high peak bone mass which may ultimately 
prevent/ delay osteoporosis.
Habitual factors such as a balanced diet rich in calcium, magnesium, potassium, and 
vitamin D (Tucker et al, 1999), along with regular exercise (Stear et al, 2003) are 
important for the well being of the bone. Vitamin D is particularly necessary because 
it increases the intestinal absorption of dietary calcium which is necessary for the 
mineralization of the bone. Given its physiological role, vitamin D deficiency can 
cause a number of adverse health conditions such as rickets, osteomalacia, and in the 
long term, osteoporosis. Thus, an adequate vitamin D status in females would have the 
benefit o f sustaining bone health, and assuring vitamin D adequacy for the foetus and 
breast-fed infants in case of pregnancy and lactation.
Unfortunately, adolescents of different populations have been shown to practice an 
unhealthy lifestyle (Anderson et al, 2005) which is unlikely to promote general health, 
much less good bone health. There are high expectations that Kuwaiti adolescent 
females are not that different given the wealth of the country.
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Literature review
1.1. Definition of vitamin D
Vitamin D is a prohormone that exists in two forms: the animal form cholecalciferol 
(vitamin D3 ) and the plant form ergocalciferol (vitamin D2 ) (Figure 1.1). The human 
skin naturally synthesizes vitamin D via the action of UV-B light emitted from the 
sun. It is only when sun exposure is limited, that vitamin D becomes an essential 
nutrient. Vitamin D is biologically inert and must be converted into a series of 
metabolites to become functionally active (DeLuca, 2004). Vitamin D is expressed in 
either international units (IU) or micrograms (pg). One IU of vitamin D is defined as 
the activity of 0.025 pg cholecalciferol in bioassays with rats and chicks. Thus, the 
biological activity of 1 pg of vitamin D is 40 IU (Institute of Medicine, 1997).
1.2. Sources of vitamin D
The overall nutritional vitamin D status of the individual depends on endogenous (sun 
rays) and exogenous (dietary, supplement) sources, with the former being the major 
source. The ultraviolet-B (UV-B) photons o f sunlight (290-315 nm) are absorbed by 
the vitamin D precursor (7-dehydrocholesterol) in the human skin to form vitamin D 
(cholecalciferol). The amount o f vitamin D synthesized in the skin is widely affected 
by the degree of skin pigmentation, exposed area o f skin, time of day, weather 
conditions, pollution, season of the year and latitude (these will all be extensively 
explained later on) (Holick, 1994). Food sources containing vitamin D are very few 
and include cod liver oil, oily fish such as salmon, mackerel, and sardines, and eggs 
from hens that have been fed vitamin D (Institute o f Medicine, 1997). Fortified milk, 
cereals, butter and margarine are well known for their vitamin D content and are a 
main source for daily dietary vitamin D intake (Institute of Medicine, 1997).
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Vitamin D2  (Ergocalciferol)
Vitamin D3 (Cholecalciferol)
Figure 1.1 Chemical structure o f vitamin D2  and vitamin D3 .
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1.3. Vitamin D metabolism
Vitamin D3 is synthesized from a series of reactions which are initially stimulated by 
the exposure to UV-B radiation. Once 7-dehydrocholesterol which is present in the 
epidermal keratinocytes and dermal fibroblasts, absorbs the radiation, it is converted 
to previtamin D3 . The latter undergoes a thermally induced transformation into 
vitamin D3 which takes at least 3 days to complete (Holick, 1980). Vitamin D2  is 
ingested with the diet and incorporated into chylomicrons to be absorbed through the 
lymphatic system. Vitamin D, whether D3 or D2 , has a short life in the body as it is 
either stored in the fat or metabolized in the liver (Haddad et al, 1993).
Once vitamin D enters the blood circulation from the skin and/or the lymph via the 
thoracic duct, it accumulates in the liver where it undergoes hydroxylation at the 25- 
carbon position. It, hence, appears in the circulation as 25-hydroxyvitamin D 
(calcidiol) (Blunt et al, 1968). Under the regulation of Parathyroid hormone, 25(OH)D 
is further hydroxylated at the first carbon position in the kidney to result in 1,25- 
dihydroxyvitamin D (calcitriol) (Holick et al, 1971). This biologically active form 
binds to specific nucleic receptors called vitamin D receptors (VDR) to act on a 
number of organs that maintain plasma calcium.
The half-life of l,25(OH)2D is approximately 4-6 hours (Kumar, 1984), whereas that 
o f 25(OH)D is 10 days to 3 weeks according to the results of (Vicchio et al, 1993), or 
an average o f two weeks according to (Holick, 2003, a). Due to the relatively short 
half life o f l,25(OH)2D and it’s dependence on PTH regulation (Garabedian et al, 
1972), it is considered to be unreliable when measuring vitamin D status. In contrast, 
25(OH)D has a relatively long half-life and is dependent on the amount of vitamin D 
available in the body (Cheng et al, 2003), in addition to being associated with 
secondary PTH and osteomalacia. Thus, it has been agreed that 25(OH)D is the 
clinical diagnostic indicator for vitamin D status (Institute of Medicine, 1997). During 
a deficient status of vitamin D, serum 25(OH)D levels drop and serum PTH increase 
as a result o f a decrease in serum calcium. Because of the inverse relation between 
serum 25(OH)D and PTH, the latter has proved to be an additional, but sensitive 
indicator o f vitamin D status. Accordingly, most studies have evaluated both 
25(OH)D and PTH concentrations in the diagnosis and measurement o f vitamin D 
status (Chapuy et al, 1996; Lehtonen-Veromaa et al, 2002; Cheng et al, 2003).
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1.4. Physiological function of vitamin D
The major biological function of vitamin D in humans is to maintain serum calcium 
and phosphorus levels within a normal physiological range. Calcium, particularly, is 
required for cardiac function, neuromuscular function, and many other metabolic 
activities. However, 99 % o f the calcium in the body is needed for optimal bone 
development and mineralization (Kass-Wolff, 2003). Thus, the role of vitamin D 
involves the wellbeing o f the bone. By increasing the efficiency of intestinal calcium 
transport and renal calcium reabsorption, vitamin D preserves the calcium in the bone.
As serum 25(OH)D levels fall (ie, vitamin D deficient status), serum calcium levels 
decrease. The low calcium levels increase the secretion of PTH which, in turn, 
stimulates the hydroxylation of 25(OH)D to l,25(OH)2D in the kidney. l,25(OH)2D 
binds to vitamin D receptors (VDR) in the intestinal wall to induce the synthesis of 
calcium binding proteins which increase the transport of calcium from the diet across 
the intestinal wall (Tanaka et al, 1971). When dietary calcium is insufficient to satisfy 
the body’s calcium requirement, l,25(OH)2D, in conjunction with PTH, acts on the 
bone to release calcium from the matrix into the blood by stimulating the maturation 
of the osteoclasts which breakdown the hydroxyapitate molecule (a calcium phosphate 
crystal), hence release calcium into the blood. Further, l,25(OH)2D, with PTH, also 
acts on the kidney to conserve renal loss of calcium and increase phosphorus 
excretion. The result o f these reactions is an increased serum calcium level (Kass- 
Wolff, 2003).
Because vitamin D deficiency is associated with secondary hyperparathyroidism 
leading to inadequate mineralization of the bone, vitamin D can cause rickets in 
children and osteomalacia in adults (Lubani et al, 1990; Narchi et al, 2001). If the 
deficiency persists long enough, it can lead to osteoporosis (Figure 1.2)(Cheng et al, 
2003; Bischoff-Ferrari et al, 2004).
1.5. Other functions of vitamin D
Evidence has emerged implicating vitamin D status in a range o f adverse health 
conditions, including cancer and certain autoimmune diseases (Holick, 2004). 
Observational studies found that men and women who were rarely exposed to the sun
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Figure 1.2 Examples of a normal bone (top) and an osteoporotic bone 
(bottom) under the microscope. Taken from Lanham-New (2008) with 
permission.
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were more likely to develop prostate and breast cancers respectively (Bodiwala et al, 
2003; Grant, 2002). Experimental studies have shown that l,25(OH)2D (the active 
form of vitamin D) is, in fact, a potent inhibitor o f cellular proliferation and an inducer 
of cellular maturation (Garcion et al, 2002).
Vitamin D receptors (VDRs) are nuclear receptors that bind to l,25(OH)2D to trigger 
its biological function. In addition to being located in the intestine, kidney and bone 
for regulating calcium and bone metabolism, VDRs have also been found located in a 
wide variety of other tissues and organs including the brain, pancreas, skin, gonads, 
stomach, colon, breast, mononuclear cells, and activated B & T lymphocytes (Holick, 
2004). Thus, l,25(OH)2D is suggested to promote the stimulation of many non- 
calcaemic physiological functions (Holick, 2004). For example, experimental mice 
studies showed that the severity of inflammatory bowel disease (IBD) was mostly 
reduced when administering both calcium and l,25(OH)2D compared to calcium alone 
in vitamin D deficient mice. More interestingly, prenatal vitamin D deficiency in mice 
was associated with alterations in brain morphology and neurotrophin expression in 
the offspring (Becker et al, 2005). In humans, vitamin D deficiency has also been 
linked to adverse cognitive and behavioral effects (McCann et al, 2008).
Studies to elucidate the different non-calcaemic functions o f vitamin D are still 
underway and remain to be fully determined. More observational studies and clinical 
trials are needed to identify these functions. Nevertheless, there is no doubt about the 
wide variety o f health benefits of increasing vitamin D levels to its maximum 
threshold by endogenous and/or exogenous sources.
1.6. Vitamin D and bone health
It is extremely well recognized that the clinical end point of vitamin D is the bone. 
Therefore, it is equally important to introduce the bone and its determinants.
1.6.1. Biology of the bone
Calcified bone contains about 25 % organic matrix, 5 % water and 70 % inorganic 
mineral component. The osteoid, the freshly synthesized matrix prior to
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mineralization, consists primarily o f collagen (94 %) as well as other specific bone 
proteins such as osteocalcin and osteonectin. The organic component consists of three 
distinctly different cell types; the osteoblast, the osteocyte and the osteoclast. 
Osteoblasts are the cells within the bone that lay down the extracellular matrix and 
regulate its mineralization. Osteocytes maintain the mineral and matrix of the bone. 
Osteoclasts are cells that resorb fully mineralized bone. The inorganic component 
consists of calcium and phosphate crystals called hydroxylapatite crystals.
There are two different types o f bone tissue, cortical and trabecular. Whereas, the 
cortical bone forms the outer surfaces of most bones and functions in protection and 
support, the trabecular bone is found in the vertebrae, the majority o f flat bones and 
the ends of long bones, and functions in metabolic reactions (Sommerfeldt & Rubin, 
2001).
Bone is dynamic and is continuously being turned over throughout life. Modeling is 
the process whereby new bone is laid down onto the surface and is a characteristic of 
growth in childhood and adolescence. Bone remodeling is the process by which the 
bone is replaced by new bone and is carried out in the bone o f adults. In a typical 
remodeling process, the osteoclasts secrete proteolytic enzymes that dissolve the 
organic matrix to liberate the bone salts. The osteoblasts, then, begin to develop new 
bone by synthesizing an osteoid matrix which becomes deposited and mineralized by 
the inorganic minerals to strengthen it (Sommerfeldt & Rubin, 2001).
Peak bone mass is the highest level o f bone mass achieved as a result o f normal 
growth. The time of PBM attainment has been shown to be in late adolescence (Figure
1.2), provided that more than 90 % of the bone is laid around the age o f 18 y. 
Matkovic et al (1994) had reached this conclusion based on his observation of 265 
premenopausal Caucasian females, aged 8-50 y to determine the timing o f peak bone 
mass and density. He found that accumulation o f the bone during late adolescence was 
particularly notable for the proximal femur and spine.
PBM is a key determinant of the lifetime risk o f osteoporosis (Bachrach, 2001). 
Maximal PBM attainment is considered a preventive factor o f post-menopausal 
osteoporosis, and thus, the adolescent period is a critical time for maximal bone
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Figure 1.3 The changes in bone mass during the life cycle. Attainment o f peak 
bone mass occurs during childhood throughout adolescence. The shaded area 
indicates the time of menopausal during which an accelerated decrease in bone 
mass occurs. Taken from Lanham-New (2008) with permission.
mineralization and the prevention o f osteoporosis. Failure to attain optimal peak bone 
mass can increase an individual’s risk for osteoporotic fractures (Pettinato et al, 2006).
1.6.2. Bone determinants
While age, puberty and body size are strong determinants of bone mass, there is 
controversy around whether specific nutritional variables are beneficial for bone 
health in children and adolescents because many dietary intakes have been found to be 
inconsistent in their effect on bone. Pettinato et al (2006) investigated the effects of 
puberty, gender, age, and nutrition on radial and tibial speed of sound (SOS) measured 
by quantitative ultrasound, on multiracial American adolescents. The results o f the 
study showed that SOS measurements at the radius and tibia and in both males and 
females increased with age (r=0.042-0.64, p<0.001). Males and females who reached 
pubertal stage 5 (70 % and 91 % respectively) had a significantly higher (p<0.001) 
SOS than those who were less mature. However, the dietary intakes, including 
calcium, vitamin D and dairy intakes were not associated with these sites, but non-diet 
soda was negatively associated with the radius. In fact, non-cola intake was a 
significant predictor o f radial SOS among postmenarcheal females even after 
controlling for BMI and race (B= -0.29, p=0.012).
Puberty seemed to be the major determinant in girls when Boot et al (1997) 
investigated the association of height, weight, pubertal stage, calcium intake, and 
physical activity with BMD in 500 boys and girls aged 4-20 y. After adjustment for 
age, Tanner stage was significantly associated with the lumbar spine, total body and 
lumbar spine bone mineral apparent density (BMAD). Calcium intake and physical 
activity were not associated with any bone parameter in girls. However, the 
associations were significant in boys.
Lloyd et al (2002) evaluated the contribution of exercise, body composition, and 
calcium intake during adolescence to peak bone mineral density and bone structural 
measurements in young women. After body size correction, % lean body mass, % 
body fat, and sports-exercise scores during 12-20 y correlated with BMD at the 
femoral neck and shaft at the age o f 20 y (r2= 0.09-0.29, p<0.05), (r2=0.06-0.3, 
p<0.05) and (r2=0.006-0.57, p<0.05) respectively. However, daily calcium intake
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during the same period (>500 mg/d) did not correlate with total or regional peak BMD 
at the age of 2 0  y.
Interventional studies have been able to demonstrate the effect of calcium and 
physical activity on bone variables more than many observational studies. In a cross- 
sectional interventional study, Stear et al (2003) investigated whether increases in 
calcium and physical activity effectively increased the bone mineral status of British 
adolescent girls (aged 16-18 y). The girls were randomly assigned to receive or not 
receive a calcium supplement (1000 mg/d) and to receive or not receive 45 min, 3 
days/week of exercise for 15.5 months. The results showed that calcium 
supplementation significantly increased size adjusted bone mineral content as follows; 
0.8 ± 0.3 % (p<0.01) in the whole body, 1.9 ± 0.5 % (p<0.001) in the lumbar spine, 
1.3 ± 0.6 % (p<0.05) in the ultra-distal radius, 2.7 ± 0.6 % (p<0.001) in the total hip, 
2.2 ± 0.7 % (p<0.001) in the femoral neck, and 4.8 ± 0.9 % (p<0.001) in the 
trochanter. As for exercise, 50 % attendance in exercise sessions was significant at the 
total hip (1.4 ± 0.7, p<0.05) and the trochanter (2.6 ± 1 .2  %,p<0.05). The effect was 
stronger in girls with better compliance ie, 70 ± 27 % for calcium supplement and 36 
± 25 % for exercise.
In some of the studies, calcium supplementation was found to have a long lasting 
effect on bone mass among postmenarcheal girls. After 3.5 y of terminating a 12 
month calcium supplementation (1000 cmg/d), Dodiuk-Gad et al (2005) found that the 
calcium supplemented group (n=17) tended to have a greater accretion of the total 
body BMD than did the control group (n=28), given that the compliance rate was > 75  
% during the intervention study.
Serum 25(OH)D levels have been shown to correlate positively and significantly with 
BMD (Bischoff-Ferrari et al, 2004), and vitamin D supplementation was found to 
increase BMD among vitamin D deficient individuals (Ooms et al, 1995). Further 
examples are listed in the next sub-title.
Further, dairy consumption has been correlated significantly with bone mass in 
children, partially because it was found to be the main source for dietary calcium. Du 
et al (2002) conducted a cross-sectional study on 12-14 y girls with a low 
consumption of milk and calcium (one third did not consume milk, and mean calcium 
intake was 356 ± 97 mg/d). Accordingly, BMD at the distal one-third and one-tenth
1 2
radius and one-tenth ulna was positively associated with milk consumption (p<0.05). 
Further, the regression analysis showed that milk consumption was the only 
significant dietary factor for BMC at the four sites. It explained up to 3.2 % o f the 
variation.
The consumption of milk among adolescents has increasingly been replaced by 
carbonated drinks (Bowman, 2002), which are thought to negatively affect bone mass. 
However, the evidence has been inconsistent. Interestingly, Tucker et al (2006) found 
that only cola was associated with 3.7 % less at the femoral neck and 5.4 % less at the 
Ward’s area among women who consumed it daily compared to women who 
consumed <1 serving/ month. These results were consistent with those of Ma & Jones
(2004) who found that only cola consumption was positively associated with wrist and 
forearm fractures in 9-16 year old children with previous upper limb fractures. 
However, no difference occurred in cola consumption between the study and control 
group.
Evidence is increasing for the positive effects of fruit and vegetable intakes on bone 
health. Tylavsky et al (2004) found that white female children (Tanner stage 2), who 
consumed >3 servings/d of fruits and vegetables (n=34), had more bone of the total 
body ( 6  % ,p=0.03), and radius (8.3 %,p=0.03), lower urinary calcium excretion (2.6 
± 0.2 compared with 1.8 ± 0.3 mg/kg,p=0.04), and lower PTH (19.6 ± 1 .9  compared 
with 26 ± 1.6 pg/ml, p=0.01) than did those children who reported consuming <3 
servings of fruits and vegetables. Similarly, Prynne et al (2006) found a significant 
positive association between higher fruit intake and spine size-adjusted bone mineral 
status in adolescent boys and girls.
Moreover, dietary protein has been generally associated with greater bone mass. 
However, a lot of controversy exists regarding the level of endogenous acid load 
created by proteins and the source of protein. In 229 Caucasian healthy children and 
adolescents (6-18 y), Alexy et al (2005) showed that long term dietary intake of 
protein was significantly associated with periosteal circumference, bone cortical area, 
and bone mineral content, and polar strength strain index (p<0.05). Further, those with 
a higher dietary net acid load had significantly less cortical area (p<0.05) and less 
BMC (p<0.01). These results showed that while there was a positive effect o f long­
term dietary protein intake on bone strength during growth, this may be negated, at
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least partly, if  the intake of alkalizing minerals is low. In another study, Weikert et al
(2005) found that high intake of animal protein was associated with decreased bone 
structure measured by broad-band ultrasound attenuation (BUA) (J3=-0.03, p - 0 .01), 
whereas high intake of vegetable protein was associated with increased BUA values 
(J3=0.22, p=0.007) among women (mean age= 47.8 ± 9.3 y). Interestingly, the 
negative effect o f animal protein was found to be modified by the intake o f calcium, 
presumably due to the decrease in the net acid load.
Although the heritable factors (age, puberty, height, etc.) are responsible for 60-80 % 
of the variance in peak bone mass (Bachrach, 2001), the remaining variation has been 
proven to be modifiable by integrating a healthy nutrition and optimum physical 
activity.
1.6.3. The impact of vitamin D on bone
Since its recognition as the vitamin that cured rickets, vitamin D has been well known 
for its impact on bone health (Holick, 2003, b). Numerous studies have shown the 
significant association between 25(OH)D and bone mass at different skeletal sites. For 
example, Bischoff-Ferrari et al (2004) found that serum 25(OH)D levels and total hip 
BMD values were significantly positively associated among adult whites (p<0.001), 
and that in the highest quintile of 25(OH)D, BMD was 4.1 % and 4.8 % greater than 
that of the lowest quintile among the young and old adults respectively.
Valimaki et al (2004) demonstrated a positive, although weak, correlation between 
serum 25(OH)D and bone mineral content at the lumbar spine (r=0.035, p=0.057), 
femoral neck (r=0.061, p=0.041), trochanter (r-0 .056, p=0.01), and total hip 
(r=0.068, p=0.025) among 220 Finnish men (median= 19.6 y).
When vitamin D is inadequate, it is likely that the bone mass becomes affected. 
Sahota et al (1999) showed that BMD was lower at the total hip (p<0.01) and at the 
lumbar spine (p=0.071) in the vitamin D insufficiency group (25(OH)D <30 nmol/L) 
compared to the sufficient group of active community dwelling elderly women (age 
71.5 ± 4.9 y) who had established vertebral osteoporosis.
Vitamin D supplementation has been shown to effectively improve BMD among 
elderly women. The outcome of a 2 years vitamin D supplementation (400 IU vitamin
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D3 per day) in 177 elderly women aged >70 y was able to raise BMD 1.9 % at the left 
and 2 . 6  % at the right femoral neck during the whole period compared to the placebo 
group (Ooms et al, 1995).
A further interesting study demonstrated the influence of maternal vitamin D levels 
during pregnancy on childhood skeletal growth. In this longitudinal study conducted 
in the United Kingdom, 198 newborns and their mothers had their vitamin D 
measured and were followed up for 9 years (Javaid et al, 2006). The findings 
suggested that vitamin D deficiency during late pregnancy was associated with 
reduced whole body and lumbar spine BMC in children at age 9 years.
1.6.4. The impact of vitamin D on peak bone mass (PBM) attainment
There is a general consensus that vitamin D is particularly essential during 
adolescence for bone acquisition and achievement o f PBM. This is because more than 
90 % o f the adult bone mass is accumulated during adolescence (Matkovic et al, 
1994). Inadequate vitamin D status, thus, is likely to decrease bone mass and limit 
bone mass accretion and development in young girls.
In 193 females (aged 10-12 y, Tanner stage 1 or 2), vitamin D deficiency (25(OH)D < 
25 nmol/L) was accompanied by significantly high intact PTH concentrations, low 
cortical volumetric BMD of the distal radius (p<0.001) and tibia shaft (p=0.002) 
compared with females with adequate levels of serum 25(OH)D (Cheng et al, 2003).
In a 3 year prospective study on Finnish girls, Lehtonen-Veromaa et al (2002) showed 
that baseline 25(OH)D levels were correlated significantly with the unadjusted change 
in BMD at the lumbar spine (r=0.35, p<0.001) and the femoral neck (r=0.32, 
p<0.001). Among the girls with advanced sexual maturation at baseline (n=129), the 
difference in adjusted 3 year BMD accumulation among those with severe vitamin D 
deficiency (25(OH)D <20 nmol/L) was 4 % lower at the lumbar spine.
Similarly, Outila et al (2001) found that mean forearm BMD at both the radial and 
ulnar sites in 178 adolescent girls (14-16 y) was significantly lower in those with 
serum 25(OH)D <40 nmol/L than those with 25(OH)D levels >40 nmol/L.
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The consequence o f a lower BMD is the attainment of a lower peak, which increases 
the risk for developing osteoporosis in future life. Therefore, the maximization of 
BMD and PBM during adolescence by a sufficient level of vitamin D is essential.
1.7. Vitamin D sufficiency
Serum 25(OH)D is the functional indicator for vitamin D status (Institute of Medicine, 
1997). It is generally known that a normal vitamin D status reflects levels of 25(OH)D 
falling between 20 and 125 nmol/L (Harkness and Cromer, 2005, a). The lower limit 
of the normal range differs from 20 to 37.5 nmol/L in different laboratories (Institute 
of Medicine, 1997). However, this range has been criticized, for example by Heaney 
(2004) who argued that the early clinical trials that defined the normal range for 
25(OH)D levels assumed that their healthy volunteers were vitamin D sufficient. He 
pointed out that the volunteers may not have been sufficient after all, given that all 
individuals can be at risk of vitamin D deficiency at some time, and that symptoms of 
vitamin D deficiency may take a while to appear, as in the case o f osteoporosis.
There is also growing evidence that the current recommendation for dietary vitamin D 
(Table 1.1) is below the actual need to sustain the maximal function. This is due, in 
part, to the fact that the lower end of the normal range for 25(OH)D is very low. 
Glerup et al (2000) found that veiled Danish women who had a daily oral intake of 
approximately 600 IU vitamin D were yet vitamin D insufficient as indicated by their 
25(OH)D concentrations. In another study, Hollis and Wagner (2004) found that doses 
o f <10,000 IU vitamin D per day for up to 5 months did not elevate circulating 
25(OH)D levels to concentrations above 225 nmol/L, whereas doses <1,000 IU/d 
appeared, in many cases, to be inadequate for maintaining normal circulating 
25(OH)D concentrations of between 37.5-200 nmol/L.
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Table 1.1. The DRI for dietary intake
of vitamin D by healthy individuals
Age group DRI (1997)*
0-50 y 200 IU
51-70 y 400 IU
71+ y 600 IU
Dietary reference Intake (DRI) for daily 
vitamin D intake for healthy individuals 
(Institute o f  Medicine, 1997)
Numerous studies that have evaluated 25(OH)D concentrations have correlated them 
with serum concentrations o f PTH. Malabanan et al (1998) gave 50,000 IU vitamin D 
once a week for 8  weeks to 35 healthy adults who had normal concentrations of 
25(OH)D (27.5-60 nmol/L). He found that PTH concentrations declined on average 
55 % and 35 % in those with 25(OH)D concentrations of 27.5-39 and 40-49.75 
nmol/L respectively. Harkness & Cromer (2005, a) determined that a rise in PTH 
occurred when serum levels of 25(OH)D were <90 nmol/L. Chapuy et al (1997) found 
that PTH concentrations declined as 25(OH)D concentrations were <78 nmol/L and 
formed a plateau with levels at >80 nmol/L. The point along serum 25(OH)D level at 
which PTH becomes constant is thus an indication of the point at which calcium 
absorption itself becomes constant (Heaney, 2005). Furthermore, Heaney et al (1997) 
found that 25(OH)D levels below 80 nmol/L were associated with increased fracture 
risk. He also found that intestinal absorption o f calcium was associated with 25(OH)D 
levels below 80 nmol/L, indicating the maximal intestinal absorption capacity o f 
calcium with 25 (OH)D levels that were more than 80 nmol/L (Heaney et al, 1997; 
Barger-Lux & Heaney, 2002). These findings have brought consensus to re-defining 
the normal range o f 25(OH)D. Accordingly, the term insufficiency has been 
introduced to define the range from 30 to 80 nmol/L (Vieth & Fraser, 2002).
Interestingly, the literature shows that vitamin D insufficiency is even more prevalent 
than vitamin D deficiency. Harkness & Cromer (2005, b) found that 17 % of 
adolescent girls were vitamin D deficient, while 54 % were vitamin D insufficient. 
Similarly, Gordon et al (2004) documented that 24 % of male and female adolescents 
were vitamin D deficient while 42 % were vitamin D insufficient.
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1.8. Measurement of vitamin D status
The establishment of strict diagnostic criteria in measuring vitamin D status is 
hampered by differences in assay methods for quantifying 25(OH)D. High 
performance liquid chromatography assay is considered the best because it provides 
the advantage of individually quantifying 25(OH)D3 and 25(OH)D2 (Kamel et al, 
1994). The disadvantage of this assay, however, is that it requires expensive 
equipment, large sample volumes, and technical expertise to perform the assay (Jones, 
1978). The clinical demand for a rapid and less expensive assay methods gave way to 
the radioimmunoassay (RIA) which is carried out with less steps (Hollis, 2004, a). 
Since the introduction and incorporation of 125 I-labeled tracer into the RIA in 1993 
(Hollis et al, 1993), the quantification of 25(OH)D and diagnosis o f vitamin D status 
has been widely performed (Hollis, 2004, a).
However, a serious problem exists that different laboratories, using different methods, 
currently yield radically different results for the same specimens. Binkley et al (2004) 
sent a group of multiple samples to 6  different laboratories, which all used different 
methods. Results for the same specimens varied by 2-fold. Furthermore, duplicate 
samples of the same specimens spiked with 20 nmol/L 25(OH)D3 were sent to the 
same laboratories. Only two of the laboratories obtained what could be considered 
good recovery.
A further complication lies in the inability o f some immunoassays to detect 25(OH)D2 
with the same efficiency as 25(OH)D3. This analytical defect is not likely to have 
serious consequences for assessment o f vitamin D status among untreated patients, or 
those who avoid vitamin D2  supplements. Hollis (2004, b) compared two RIA 
methods in their, ability to recover 25(OH)D2, and found that the IDS method, but not 
the DiaSorin method, underestimated total circulating 25(OH)D when significant 
circulating 25(OH)D2 was present in the serum. Therefore, given the inefficient 
detection o f 25(OH)D2, the reliability on some assays for monitoring responses to 
treatment with therapeutic vitamin D2  maybe difficult.
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1.9. Factors influencing the cutaneous production of vitamin D
The main source for vitamin D synthesis is sunlight that acts on the skin, however, the 
amount of UV-B available for vitamin D synthesis is affected by a number of factors. 
Latitude determines the availability of UV-B radiation through out the year. Ladizesky 
et al (1995) showed that geographical locations above and below latitudes of 
approximately 40° N and 40° S respectively, are depleted from UV-B during the 
winter months. Atmospheric pollution and the amount of clouds inversely relate to the 
availability o f UV-B radiation for vitamin D synthesis in the skin (Heaney, 2005). 
Vitamin D production also varies depending on the time of day. The maximal 
occurrence of UV-B has been measured to be between 10.00 h and 15.00 h in many 
locations (Kollias & Baqer, 1984, a; Pettifor et al, 1996).
Pigmentation of the skin has a significant impact on the amount o f vitamin D 
production. Melanin granules have the ability to absorb UV-B radiation in the range of 
290-320 nm, reducing the amount available for vitamin D synthesis (Norman, 1998). 
Therefore, the darker the skin pigmentation is, the greater the amount o f sunlight that 
is required to produce a given amount o f vitamin D. Matsuoka et al (1991) found that 
African Americans required up to 5 times the solar exposure o f white Americans to 
achieve the same cutaneous absorption of solar light. This explains why 
hypovitaminosis D was prevalent among 42.4 ± 3.1 % African American women, 
compared to only 4.2 ± 0.7 % whites (Nesby-O'Dell et al., 2002). Also, ageing 
significantly decreases the capacity o f human skin to produce vitamin D 
(MacLaughlin and Holick, 1985). Studies have shown that the elderly people have 
significantly lower levels o f 25(OH)D compared to younger males and females from 
the same population (Sedrani et al, 1983). However, these results may partly be due to 
the difference in life style. Nevertheless, this recognition encouraged the Food and 
Nutrition Board of the Institute of Medicine to raise the daily vitamin D Al for the 
elderly (Institute of Medicine, 1997).
Moreover, the surface area of skin exposed to the sun proportionally relates to the 
amount of vitamin D synthesized. Thus, clothing has a negative effect on the 
cutaneous release of vitamin D making it, in some cases, absent (Matsuoka et al, 
1992).
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1.10. Vitamin D studies in the Middle East
The literature has shown that vitamin D deficiency is not less common in populations 
living in sunny climates (Serenius et al, 1984; Lubani et al, 1989; Al-Jurayyan et al,
2002). Low vitamin D status (<30 nmol/L) has been reported in Saudi adults (Sedrani, 
1984; Sedrani et al, 1983), Jordanian adults (Mishal, 2001), Lebanese adults 
(Gannage-Yared et al, 2000), and in Iranian adults (Hashemipour et al, 2004) (Table
1.2). Rickets & osteomalacia, as a result o f vitamin D deficiency have also been 
reported in young children and adolescents (El-Hajj Fuleihan et al, 2001; Narchi et al, 
2001; Al-Jurayyan et al, 2002; Moussavi et al, 2005) (Table 1.3). There are reasons to 
expect a higher incidence of osteomalacia among adolescents given that the non­
specific symptoms that accompany this disease are sometimes overlooked or are 
sometimes not taken seriously when presented at the clinic (Narchi et al, 2001; 
Dawodu et al, 2005).
Although low levels of vitamin D have been found in both males and females 
(Serenius et al, 1984; Mishal, 2001), the prevalence is higher among females. 
Gannage-Yared et al (2000) found that 84 % o f the vitamin D deficient Lebanese 
adults were females. Narchi et al (2001) found that most of the adolescent patients that 
were diagnosed with osteomalacia were females. Vitamin D levels <50 nmol/L were 
found among 72.1 % Iranian adolescent females as opposed to 18.3 % males o f the 
same age (Hashemipour et al, 2004). El-Hajj Fuleihan et al (2001) reported that serum 
25(OH)D levels below 50 nmol/L were evident in 54 % of adolescent Lebanese 
females as opposed to 25 % of males in winter. Mishal (2001) showed that 63 % o f 
the vitamin D deficient volunteers (250HD <12.5 nmol/L) were also females.
The lifestyle o f the Middle Eastern females, particularly, those from the Arabian Gulf 
countries, has been suggested to affect vitamin D status dramatically. Interestingly, 
Dawodu et al (1998) found that the UAE adult females obtained a mean 25(OH)D 
value of 21.5 ± 2.5 nmol/L, whereas the Arab females (Jordanian, Egyptian, 
Palestinian and Lebanese) had a mean of 31.5 ± 2.5 nmol/L. However, those two 
groups were significantly lower compared to that obtained by the European females 
who were living in the same region and recruited for the same study (160.75 ± 6.25 
nmol/L).
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Table 1.2 Low viamin D status among population of the Middle East.
Publication Region, C ountry Volunteers Age
M ean ± SD 25(OH)D nmol/L
Hypovitaminosis %
Sum m er/ Fall W in ter/ Spring
Sedrani et al, 1983 Riyadh, SA young adults; 
males=26 
females=33 
elderly; 
males=13 
fem ales=ll
18-26 y 
mean= 62 ± 13 y
21 ± 7.75 
28.75 ± 10 
9 ±3.25
Serenius et al, 1984 Riyadh, SA mothers=119
infants=119 at term
{14.25}*
{=7.5}*
25 % <10 nmol/L 
68 %  <10 nmol/L
T ahaeta l, 1984 Riyadh, SA mothers=99
infants=96 at term
33.25 ±35.5* 
22.75 ±28.25*
59 % <25 nmol/L 
70 %  <25 nmol/L
Moghraby et al, 1987 Riyadh, SA pregnant; 
high parity=41 
low parity=45
-
26 ± 16.25 
20.5 ± 15.25
El-sonbaty & Abdul-Ghaffar, 1996 Kuwait females;
veiled=50
unveiled=22
14-45 y
14.4 ± 6* 
30.2 ±8.2*
Dawodu et al, 1998 UAE females; 
Emarati=33 
Non-Gulf Arabs=25 
Europeans* 17
19-44 y
21.5 ±2.5
31.5 ±2.5 
160.75 ±2.5
Ghannam et al, 1998 Riyadh females=321 10->50 y 24.5 ±  17.21 52 %  <20 nmol/L
El-Hajj Fuleihan & Deeb, 1999 Lebanon women=465 28 ±35 60 % <25 nmol/L
Gannage-Yared et al, 2000 Lebanon adults;
males=99
females=217
30-50 y 24.27 ±  17.67 72.8 % <30 nmol/L 
48.5 % <30 nmol/L
83.9 % <30 nmol/L
El-Hajj Fuleihan et al, 2001 Lebanon males=164
females=192
10-16 y 
10-16 y
60.75 ± 15.5 
47.5 ±  16.75
47.75 ±  18.75
36.75 ± 19.25
Bahijri, 2001 Jeddah, SA infants=739 4-36 m -14.5
Bassir et al, 2001 Tahran, Iran mothers=50
infants=50
16-40 y 
at term
12.8 ± 26  
4.94 ± 9.4*
80 % <25 nmol/L
Mishal, 2001 Amman, Jordan males=22 
females; 
unveiled=21 
partially veiled=80 
fully veiled=23
18-45 y 
18-45 y
43.8 ±5.2
36.7 ±6.1
28.3 ±4.5
24.3 ±5.8
34.7 ±4 .2
30.9 ±4.6  
24.4 ±3.9
22.7 ± 3
31.8%  <30 nmol/L 
67.7 % <30 nmol/L
Dawodu et al, 2003 UAE mothers=90**
infants=90 4-16 w
{21.5}
{11.5}
61 % <25 nmol/L 
82 %  <25 nmol/L
Hashemipour et al, 2004 Isfahan, Iran males=495
females=715
20-69 y 
20-69 y
67.1% <25 nmol/L 
81 .3%  <35 nmol/L
Molla et al, 2005 Kuwait mothers=214
infants=214 at term
36.5 26.75***
20.5 16.75***
*40 % <10 nmol/L 
= 65%  <10 nmol/L
Moussavi et al, 2005 Isfahan, Iran adolescents;
males=153
females=165
14-18y
93.22 ±46.9 
41.9 ±20.9
0.6 %  <20 nmol/L 
14.5 % <20 nmol/L
Saadi et al, 2006 UAE females=259 2:20 y 18.2 ±5.9 29.2 ± 13 35.1 %  <20 nmol/L
Dahifar et al, 2007 Tahran, Iran females=414 11-15 y 75 ± 39.5* 15 %  <25 nmol/L
Siddiqui & Kamfar, 2007 Jeddah, SA females=433 12-15 y 81 %  <25 nmol/L
{} median.
* season not determined.
~  not the exact figure.
1 recruitment occurred over all four seasons o f the year. 
** multi-ethnic.
*** recruitment was from September to June 1999.
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Table 1.3 Vitamin D deficiency rickets and osteomalacia reported in the Middle East.
Publication Region, Country Volunteers Age
Duration o f  
recruitment
Time o f recruitment
Lubani et al, 1989 Kuwait children=250 1-24 m 5 y 1981-1986
Erfan et al, 1997 Mekka, SA infants=102* 3-24 m iy 1993-1994
Ramavat, 1999 Kuwait newboms=75 at term 2 y
Abdulla et al, 2000 Riyadh, SA adolescents=17 12-19 y 5 y 1993-1998
AL-Jurayyan et al, 2001 Riyadh, SA children=42;
males=17
females=25
6-18 y 5 y 1994-1999
Abdulla et al, 2002 Riyadh, SA adolescents=34;
males=10
females=24
10-18 y >6 y 1994-2000
Fida, 2003 Jeddah, SA children=60 3-36 m 2 y 1997-1999
Narchi etal, 2001 Al-Hasa, SA 
(among Saudi Arab 
employees & their 
families).
adolescents=21*;
males=l
females=20
10-15 y >i y 1996-1997
* Multi-ethnic.
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The mode of dress of females and the tradition o f veiling has been shown to 
significantly predict vitamin D deficiency. This conclusion has been made based on 
many observational controlled studies conducted in the Middle East and else where. 
For example, El-Sonbaty and Abdul-Ghaffar (1996) have shown that veiled females 
obtained lower 250HD levels (14.4 ± 6  nmol/L) compared to (30.2 ± 8.2 nmol/L) in 
the unveiled group. Gannage-Yared et al (2000) also reported that 25(OH)D levels 
were the lowest among Lebanese veiled women (12.8 ± 8.9 nmol/L) compared to non­
veiled women (24.5 ±16.15 nmol/L).
These findings were also supported by other studies in Nigeria (Okonofua et al, 1986), 
Iran (Hashemipour et al, 2004) and Turkey (Guzel et al, 2001; Hatun et al, 2005). 
Although these studies provide evidence that veiled women show increased rates of 
hypovitaminosis D, they also support the fact that females of the Middle East, whether 
veiled or not, generally suffer from a relatively low vitamin D status.
1.11. Bone studies in the Middle East
The recognition o f the association of vitamin D with bone health, has led to increased 
research on bone indices in the Middle East. Al-Nuaim et al (1995) gathered records 
of Saudi patients over 40 years old with a diagnosis o f proximal femur fracture 
admitted to the hospitals in Riyadh. Accordingly, 103 cases were found over a period 
o f 12 months among which 50 % were women. The median age o f patients was 75 y, 
with no significant difference between men and women. The incidence per 100,000 of 
proximal femur fracture for females in the age group 40-49, 50-59, 60-69, and >70 y 
was found to be 4.5, 14.6, 7.9, and 394 respectively. The incidence over the age 50 y 
was 71 in males and 1 0 0  in females.
Another study recruited 830 postmenopausal Saudi women over a period of 10 years 
(1989-1999) to measure their lumbar spine BMD. The study revealed that osteopenia 
and osteoporosis were evident among 30.6 % and 39.5 % respectively (El-Desouki,
2003). Further, Ghannam et al (1999) found that healthy Saudi females aged 12-71 y 
(n=321) had a significantly lower lumbar spine, femoral neck and Ward’s triangle 
BMD values compared to age- and weight-matched healthy USA females. In addition, 
the results of the study showed that the prevalence of osteopenia and osteoporosis in
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Saudi females over 31 y old ranged from 18 to 41 % and 0 to 7 % respectively, 
depending on the site examined.
Maalouf et al (2000) investigated 858 women and 165 men aged 20-79 y from the 
Lebanese population to measure their spine, femoral and radial BMD using a Lunar 
densitometer. Spine BMD of the Lebanese women were 8  % lower than US/European 
values for ages 20-59 y, and 5-6 % lower for ages 60-79 y. Femoral neck BMD values 
of the Lebanese women were 8  % lower for ages 20-39 y, and 2-3 % lower in 
postmenopausal women compared with US/European women. The BMD values o f the 
Lebanese men were 5-8 % lower than US/European values throughout the age range 
20-79 y.
Arabi et al (2004) found that mean BMD values of healthy Lebanese children and 
adolescents aged 10-17 y (n=360) were significantly lower (p<0.01) than the 
Canadian normative data for age-matched children.
Saadi et al (2001) found that osteopenia occurred in 15.7 % of the young Emarati 
women aged 18-36 y (n=185), and in a further study, he showed that 20-29 year old 
Emarati women had a significantly lower estimated BMD and quantitative ultrasound 
values o f the calcaneus compared to the US Caucasian/ European and Chinese Asian 
healthy women of the same age (Saadi et al, 2003).
Hammoudeh et al (2005) found that BMD values for the Qatari female population 
aged 20-69 y (n=574) o f the spine were similar to the Saudi women, but lower than 
the Caucasian and Kuwaiti women, and higher than the Lebanese women. Whereas 
the BMD values o f the total femur were higher than the Caucasian, Kuwaiti, Lebanese 
and Saudi in the age group of 40-59, but lower in the age group 60-69 y. Further, 
osteopenia and osteoporosis were common in 34.7 % and 11.6 % of the age group 50- 
69 y (n=147).
Bererhi et al (1994) compared 194 Omani women with 165 British women aged 20-70 
y, and found that mean lumbar spine BMD of the Omani women in age 40-69 y was 
significantly lower than that o f the British women in the same study (p<0.01).
Dougherty and Al-Marzouk (2001) measured and compared BMD of the spine and 
femur in 623 Kuwaiti females aged 20-79 y using a Lunar densitometer. The results 
showed that mean lumbar spine and proximal femur BMD values were close to those
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of the Caucasian American and North European females. When compared with 
available reference data compiled from Lebanese and Saudi females (using Lunar 
Arab reference data), lumbar spine BMD Kuwaiti values were found 7-10 % higher 
than the Lebanese and Saudi references values up to age 50 y, and 3 % higher at age 
79 y. Femoral BMD values were also found 7-8 % higher up to age 50 y, and no 
difference between the respective populations was found at age 79 y.
The incidence o f hip fracture in the Kuwaiti females aged 16-99 y (median age = 70 y, 
n=137) was 295 per 100, 000 (95 % Cl: 238.8-350.8), and among >50 y Kuwaiti 
females was 152.4 (95 % Cl: 125.9-178.9), which indicated an intermediate incidence 
rate. This was found comparable to that o f some o f the European countries such as 
UK, France, Italy, and to Asian American females (Memon et al, 1998).
In general, the female Kuwaiti BMD values were found to be higher than those 
reported from the Saudi females (Ghannam et al, 1999; El-Desouki, 2003), the Omani 
females (Bererhi et al, 1994), the Qatari females (Hammoudeh et al, 2005), and the 
Lebanese females (Maalouf et al, 2000) (Table 1.4).
Another risk factor of low vitamin D is that maternal hypovitaminosis D may 
predispose and perhaps aggravate the development of neonatal hypocalcaemia and 
impair fetal bone growth since the neonate is dependent on the maternal stores of 
vitamin D. This is evident by the low birth weight that is found among mothers who 
are deficient in vitamin D throughout their pregnancy (Molla et al, 2000; Dawodu et 
al, 2003; Molla e tal, 2005).
1.12. Introduction to Kuwait
Kuwait occupies the north western comer o f the Arabian Gulf between latitudes 
°28.30-°30.06 to the north of the Equator and between longitudes °46.30-°48.30 to the 
East of Greenwich determine. It is bordered on the north by Iraq and on the south by 
Saudi Arabia. Total area of Kuwait is 17,818 km2. The population in 2005 was 
approximately 2,213,403 among which 39.8 % were Kuwaiti citizens. Kuwaiti 
females constituted 20.6 % o f the population (ie, 446,797). Approximately 12.7 % o f 
the Kuwaiti females were in the age group 10-19 years according to the 2006 statistics 
o f the Ministry of Planning (2006).
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Kuwait is divided into 6  different govemorates; Asma, Hawalli, Farwania, Mubarak 
Al-Kabir, Ahmedi and Jahara, all o f which enjoy high standard services including free 
healthcare, and multi-purpose supermarkets. These govemorates comprise 209,451, 
171,012, 188,765, 117,214, 209,913, and 110, 538 of the population respectively. The 
largest govemorates with respect to the size of population are Asma and Ahmedi, 
while the smallest govemorate is Jahara (Ministry of Planning, 2006).
1.12.1. Weather in Kuwait
The summer season begins on 21st May and ends on 4th November during which a 
considerable increase in temperature and humidity occurs, and severe dust storms are 
common. The dry summer season starts on 16th Jun and ends on 19th July, during 
which the very hot winds and sand storms are prevalent. The daily mean maximum 
temperature ranges between 42-46°C in the shade. Clouds completely disappear and
tli tlihumid winds rarely occur. From 20 July to 30 August is a period of humid summer 
because remarkable increases in temperature and humidity are recorded. Humid spells
tlibegin mostly on 20 July and may continue with interruptions until the end of 
October. The daily mean maximum temperature ranges between 45-46°C.
tliOn the first day of September lasting until the 4 of November, is the transitional 
interval during which a drop in temperature and continuous humidity along with calm 
winds are prevalent. Clouds start forming noticeably. Maximum temperatures range 
from 42°C, at the beginning of this period, to 30°C at the end of this period.
tli tliAutumn starts on 5 November and ends on 5 December and is a season o f moderate 
temperature and cloudy nights. A noticeable shift from hot to a cooler season occurs. 
Temperature ranges between 20-30°C. The nights are cold, while the days are warm. 
Clouds are visible and thunder storms sometimes occur.
The winter season lasts from 6 th December to 15th February, during which a
tHremarkable drop in temperature and rainy clouds occur. The period from 16 January
tlito 15 February is considered the season of mild winter. The sky is usually cloudy and 
rain starts falling. Fog may occur especially during calm nights.
Spring starts from 16th February until 20th May. Mild spring however begins from 16th
tli_________________________________________________________________________________________________________________________
February to 8  April during which temperature starts rising remarkably. Thunder
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storms frequently occur particularly from 10th March to 8 th April and are occasionally 
associated with dust (Ministry o f Planning, 2006).
1.12.2. Lifestyle of the Kuwaiti females
The women in Kuwait and the Middle East follow a mode of dress based on the 
teaching of the Holy Quran. Accordingly, the dress should be loose and should cover 
the whole body except for the face and hands. This mode of dress is called Hejab. In 
addition, it is traditional to wear a loose black outer garment over the normal dress 
leaving only hands and face exposed. However, many women do not wear the outer 
garment and are less heavily clothed and usually tend to choose to expose their feet. It 
is optional to cover the face and hands, and some women choose to do so. This mode 
of dress is called Niqab and females who choose this type wear a black outer garment. 
However, some females who wear Niqab do choose to uncover their hands. The result 
o f the mode o f dress is the lack of skin exposure to sunshine. On the other hand, not 
all females follow the tradition of veiling. Many expose their face, hands, feet, and 
less frequently, arms and lower legs. In addition, the onset o f veiling in females, 
according to the Holy Quran, begins with the onset of puberty and is a life-time habit. 
However, many females begin veiling after many years of the onset of puberty.
Moreover, the type of house has a direct impact on the amount o f skin exposure. 
Houses with backyards and high walls enable females to expose their skin to direct 
sunlight without wearing a veil. Small flats however, do not support this type of 
exposure. Nevertheless, most of the activities in Kuwait are carried out indoors due to 
the hot weather during most of the year. It is mainly in spring and sometimes during 
winter when people increase outdoor activities.
Modernization has had its effect on women in Kuwait by increasing educational levels 
and eliminating illiteracy. As a result, women have a relatively free outdoor life 
compared with those of other Gulf countries, but still less than that o f men due to, in 
part, the traditional regulations. However, for adolescent females, outdoor activities 
are restricted to certain conditions, such as only going out with a parent or relative, 
and not alone. Again, this further decreases their chance for optimal sun exposure.
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An important factor among all the previous information is the lack of awareness by 
females about the contribution of moderate sun exposure to the health status o f the 
bone. In fact, females tend to avoid direct sunlight to prevent tanning, unless 
sunscreens are applied which themselves reduce the synthesis of vitamin D from 
sunlight.
1.12.3. Nutritional habits of the adolescent females in Kuwait
Modernization has had a profound effect on the nutritional habits and status o f the 
Kuwaiti population. This is illustrated by the growing numbers of fast food restaurants 
all over the country and the availability of a variety of food choices including meat, 
poultry, grains, milk, fruits and vegetables within a normal price. In addition, the 
fortification of dairy products, including milk and butter with vitamin D has been 
carried out for many years. On the other hand, modernization has also led to poor food 
habits, due to the availability o f enormous processed food products and the lack of 
physical activity (Henry et al, 2004). As a result, health problems such as anaemia and 
obesity are common among adolescent females (Al-Awadi and Amine, 1989; Jackson 
and Al-Mousa, 2000). In addition, Prabha et al (1996) found that 15 % of females in 
the reproductive age were hypocalcaemic. Also, an early study conducted by Al- 
Shawi (1992) to assess the nutritional status of college student females, found that 
vitamin D intake values were the lowest among the other nutrients. However, a recent 
study by Dehghan et al (2005) showed that dairy products are consumed almost 
everyday.
No published work regarding the intake o f vitamin D among the Kuwaiti adolescent 
females has been conducted to date, however, a number of studies have shown that 
inadequate vitamin D intake is common among adolescents. Moore et al (2004) found 
that only 50 % o f 9-13 y and 32 % o f 14-18 y American girls were meeting the USA 
standards for dietary vitamin D. To a lesser extent, Salamoun et al (2004) found that 
only 12 % of healthy Lebanese children aged 10-16 y met the adequate intake (Al) 
recommendation of 1300 mg of calcium/day, and only 16 % met the Al 
recommendation of 200 IU of vitamin D/day.
Low dietary vitamin D intake among adolescent females is expected to be common 
around the world. Assessing the vitamin D status among the Kuwaiti adolescent
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females will be of valuable contribution to the vitamin D field in general and to the 
Kuwaiti adolescent females in particular.
1.13. Summary
Provided the low vitamin D levels reported in the Middle Eastern females and the 
critical stage for bone accrual during adolescence, it is extremely important to assess 
the vitamin D status among the adolescent females in Kuwait and to correlate them 
with their bone status. No vitamin D studies on adolescent females in Kuwait have 
been undertaken as far as known. There is also currently no public health policy for 
increasing the dietary intake of vitamin D among the population in general or among 
the adolescents in particular who are at a greater demand for achieving a greater peak 
bone mass. Further, the general awareness among the population about vitamin D 
intake through sun exposure and/or supplementation is lacking.
By conducting this study, our findings will provide evidence to support public health 
planning to raise the awareness of low vitamin D intake and its impact on bone which 
will probably lead to a greater intake o f vitamin D by the population.
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1.14. Aims
• To assess the level of vitamin D deficiency and insufficiency in Kuwaiti adolescent 
females aged 10-18 years old.
• To assess the lifestyle habits of the Kuwaiti females and correlate these with their 
vitamin D and bone status.
• To provide findings and recommendations for the health authorities to improve 
public health nutrition.
1.14.1. Objectives
• To assess the biochemical analysis of vitamin D performed in Kuwait and to make 
a comparison to the UK methodology.
• To determine the extent of vitamin D insufficiency/deficiency in the Kuwaiti 
adolescent females according to season.
• To define current dietary patterns and frequencies o f consumption o f key food 
items in the Kuwaiti adolescent females.
• To establish the main predictors o f vitamin D status in relation to habitual food 
intake and the overall sun exposure.
• To assess the seasonal variation in vitamin D status and determine the key 
influencing factors.
• To determine the effect o f vitamin D status on markers o f bone health including 
PTH, calcium homeostasis and bone mass.
• To determine the influencing factors o f age, puberty and bone size on bone mass.
• To measure the impact of dietary intake and physical activity levels on bone mass.
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Chapter 2: Methodology
2.1. Study design
This was a cross-sectional study conducted on adolescent females in Kuwait, aimed to 
assess their state of vitamin D status and to evaluate the seasonal impact on the state 
of vitamin D metabolism. A total of 245 adolescent Kuwaiti girls were included in the 
study. The importance of this age group lies in its criticality in skeletal mass accretion. 
The assessment of the seasonal impact on vitamin D status was carried out by 
measuring vitamin D level among two groups, one group in the summer and the other 
group in winter. The aim behind having two separate groups instead of measuring 
vitamin D level twice in the same group was to avoid confounding factors. It was 
noticed that after the participation of the female in the study (from the pilot study; 1 st 
recruitment), they generally became aware of the importance of vitamin D and 
improved their lifestyle. It was expected that if  they were to be recruited in the winter 
season, they might have shown higher levels of vitamin D and calcium as a results of 
their better lifestyle habits. Thus, we considered it to be better to have two different 
groups o f girls with a generally same level o f awareness. Ethical approval was 
obtained from the University o f Kuwait (Appendix IT
All females were given an oral presentation about the study at their school or club, and 
were individually submitted a recruitment form which included information about the 
study as well as questions about their health and socioeconomic status, date o f birth, 
and mode and onset of veiling. The females were asked to complete the recruitment 
form at home with their parents. Those who were interested in participating in the 
study returned the forms back to school or club with their parents’ signature and 
telephone numbers included. The forms were then collected by the researcher.
The females were recalled later on at attend Al-Sabah Hospital. Once they arrived at 
the hospital, the study was explained again to them and their parents, and a consent 
form was signed by the parent (Appendix 2 ). Upon approval on participation, the 
females underwent anthropometric measurements, skin type assessment, fasting blood 
collection and bone densitometry of the lumbar spine. An interview was carried out to 
collect data on food consumption, sun exposure, and physical activity level.
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2.2. Recruitment
Healthy adolescent girls were recruited from schools and summer clubs located all 
around the country from the 6 different govemorates o f Kuwait. Recruitment always 
took place during the vacation to enable the girls to perform the tests in the morning at 
Al-Sabah Hospital. This is because the hospital carries out these tests during mornings 
only.
In total, three recruitment periods were carried out, twice in summer and once in 
winter. Recruitment in the summer was to establish the summer group, while that in 
winter was to establish the winter group. The 1st recruitment in summer (pilot study) 
started on 15th June and was completed on 15th August 2005, whereas the 2nd 
recruitment started on the 15th July and was completed on the 21st August 2006 (the 
aim of the second recruitment was to increase the sample size o f the summer group). 
The 3 rd recruitment, which was for the winter group, started on the 22nd January and 
was completed on the 28th February 2007.
The summer group girls were recruited from one middle school located in Jahara 
govemorate, and several other summer clubs located in the 6 different govemorates 
(Figure 2.1). The winter group girls were recruited from 12 different schools (middle 
& high) located in the 6 govemorates. All the schools were entered with a written 
permission of the Ministry of Education and the welcoming and co-operation o f the 
head of the school.
2.2.1. Inclusion criteria
The inclusion criteria was as follows:
• Females between the age of 10 -18 years for the summer group, while 12-18 years 
for the winter group.
• Caucasian females.
• Kuwaiti nationalities or Saudi females who were resident in Kuwait since birth.
• Single, non mothers.
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• Clinically healthy females who had no serious medical conditions or use of 
medication known to affect bone metabolism. Females who suffered from any 
disease that might interfere with vitamin D synthesis including skin, liver, kidney 
and gastrointestinal diseases, or any disease that might effect the bone state such as 
diabetes, asthma, heart disease, rheumatoid arthritis, hyperthyroidism, and 
thalassaemia, were excluded, especially because some of these diseases accompany 
the intake o f certain medications such as cortisone and insulin that have shown to 
negatively affect bone mineral density in patients.
• Females who were currently taking no vitamin supplements for at least six months.
2.3. Recruitment form (including health, puberty and socio-economic 
questionnaire)
The recruitment form was established and written in the native language, ie, Arabic, to 
include girls with the desired criteria (Appendix 3V A translation for this form to 
English is available in (Appendix 4). Parental approval was essential, and thus, a brief 
paragraph was included on the form to explain the concept and method o f the study, 
with a statement indicating that the study had been approved for ethics. Questions 
involving health, puberty and socioeconomic issues were included in the form. The 
purpose of the health questions was to evaluate the health status of the participant to 
decide whether she was fit for the study. Diseases known to interfere with bone health 
were listed in the questionnaire. Certain medications such as cortisone and insulin that 
are known to negatively affect the bone were also listed. Accordingly, girls with 
diseases listed, or who were on medication and/or supplements were excluded from 
the study. Questions about puberty and family history o f bone diseases were used as 
variables. Sexual maturation was defined by the age at menarche (AAM), which is the 
age at which the first menses had occurred (year/month). In addition, the number of 
months since menarche (MSM) up to the examination date was determined. The 
importance of puberty lays in its significance in bone density and growth.
The socioeconomic status was required to out-weigh confounding factors that might 
influence the mode of diet and physical activity. Therefore, questions about their 
residence, number of members living in the same house, and number o f rooms
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available in the house were included. The girls were asked to write down their 
nationality which was one of the main determinants o f the females’ participation in 
the study as they had to be Kuwaitis or Saudi living in Kuwait since birth.
Out of 2800 recruitment forms distributed to the girls, 684 girls responded by 
returning their filled and signed recruitment forms to the administrator o f the school 
(Figure 2.1). However, due to not fulfilling the criteria of the study, 439 girls were 
excluded and only 245 girls were further contacted to be invited to the hospital for 
examination. Among those, twelve girls were found to be ineligible on the day of 
examination or did not complete all of the required tests to be included in the study, 
and were, therefore, excluded.
2.4. Sun exposure assessment
A questionnaire was administered to assess the degree o f sun exposure and to estimate 
the amount o f endogenous vitamin D obtained by the females (Appendix 5). 
Questions such as what parts of the body are usually covered as a result o f the cultural 
dressing, how often are you exposed to direct sun light at home and outside, and 
whether or not you apply sunscreens.
Each girl was asked to record the frequency, duration and time of day o f sun exposure 
during the past couple weeks. Although measuring the time and intensity o f direct sun 
light exposure is not easy and data obtained may not be so accurate, the purpose o f the 
questionnaire was to reveal as much data as possible to have an estimation of the 
frequency and duration of sun exposure in each female.
Veiling was an important determinant o f the amount o f sun exposure obtained. The 
girls were either fully veiled wearing Niqab (which covers the whole body including 
face, and usually hands and feet), partially veiled wearing Hejab (which covers the 
body but exposes only the face, hands, and sometimes feet), or unveiled exposing their 
head, arms, hands, lower legs and feet. The girl would be considered veiled if  she was 
veiled for at least two months.
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233
245
684
2800 Recruitment forms 
distributed
Recruitment forms 
returned
Girls eligible for 
participation
Girls completed 
all tests
Figure 2.1 Response rate of Kuwaiti school girls to participate in the study. A total of 
2800 recruitment forms were distributed to school girls from all around Kuwait, 
among which 684 girls returned their forms filled and signed. Only 245 girls were 
eligible for the study based on the study’s criteria, and were invited to Al-Sabah 
hospital. Further exclusion occurred after starting the examination due to not fulfilling 
the criteria or due to not completing all o f the tests. The study completed examination 
of 233 Kuwaiti girls.
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2.5. Anthropometric measurements
All females were measured for their weight (kg) and height (cm). Weight was 
measured by a balanced beam scale and was calibrated to the nearest 0.1 kg. Height 
was measured by a wall mounted stadiometer to the nearest centimetre (Holtain 
limited, Britain). Both weight and height were recorded without shoes. The waist and 
hip circumferences were measured by a measuring tape. Waist circumference was 
measured by placing the measuring tape around the abdomen right above the hip bone. 
Hip circumference was measured by placing the measuring tape around the maximal 
circumference over the buttocks. In both measurements, the measuring tape was 
placed on top of light cloths and was parallel to the floor. All length measurements 
were recorded in centimetres. All measurements were taken by a single investigator 
(the researcher) to minimize human error. Chronological age was calculated as the 
years since birth on the examination date.
Body mass index (BMI) (weight in kg/ height in m ) and waist/hip ratio (waist in cm/ 
hip in cm) were calculated and determined from the previous measurements. Height 
and BMI reference values of the 2000 CDC (Kuczmarski et al, 2000) were used. BMI 
classification of Must et al (1991) was used (Table 2.1).
2.6. Skin colour assessment
The skin colour of all females was measured based on the Fitzpatrick classification of 
skin photo-type (Table 2.2) which classifies the skin according to its susceptibility to 
sunburn and tanning. People who frequently tan and rarely sunburn are more likely to 
have darker skin colour. A darker skin colour reflects a greater melanin content o f the 
skin which, as a result, will absorb more UVB light, making it less available for 
vitamin D synthesis. For this reason, the skin colour is an important tool in studies of 
vitamin D. Clinical examination for identifying and recording skin colour was 
performed by the same researcher. Accordingly, only skin type III, IV and V were 
determined.
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Table 2.1 BMI classification.*
Weight classification BMI Percentiles
Underweight < 5th
Normal weight > 5th - < 85th
Overweight > 85th - < 95th
Obese > 95th
*Must et al (1991).
Table 2.2 Fitzpatrick classification for skin photo-types.
Skin Type Colour Reaction to UVA Reaction to Sun
„  T Caucasian: blond or red hair, freckles, _ _ „ . .  Always bums easily, never tans; very
Type I , ,  Very Sensitive '
fan-skin, blue eyes fan-skin tone
Caucasian; blond or red hair, freckles, Usually bums easily, tans with
fair skin, blue eyes or green eyes er^ enS11Ve difficulty; fair skin tone
Type III Darker Caucasian, light Asian Sensitive Bums moderately, tans gradually, fair
to medium skin tone
Type IV Mediterranean, Asian, Hispanic Moderately Sensitive Rarely bums, always tans well,
medium skm tone
„  Middle Eastern, Latm, light-skinned . . . .  „ _ . .  Very rarely bums, tans very easily;
T ypeV  . T Minimally Sensitive '
black, Indian olive or dark skm tone
Type VI Dark-skinned black Least Sensitive Never bums deeply pigmented; very
dark skm tone
Reference: Freedberg (1999).
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2.7. Blood collection
A total of -15  ml for the summer group and -13  ml for the winter group of fasting 
blood was withdrawn from the females by a nurse at Al-Sabah Hospital. For the 1st 
recruitment, 15 ml of blood was withdrawn as follows; 10 ml in a non-heparinized 
vacutainer to yield serum and 5 ml in a heparinized vacutainer to yield plasma. The 
amounts, however, were decreased in the next recruitments because a considerable 
number o f girls were fainting. Therefore, for the 2nd & 3rd recruitment, a volume of 7- 
10 ml o f blood was withdrawn in a non-heparinized vacutainer to yield serum, 3 ml 
was withdrawn for calcium analysis, and only in the 2nd recruitment, another volume 
of 4 ml of blood was withdrawn in a heparinized vacutainer to yield plasma. Except 
for the 3 ml blood samples sent for calcium analysis, the other samples were sent to 
the hormone laboratory to be separated by a single technician. There, the blood 
samples were allowed to clot for 15-30 minutes, and then, serum was separated using 
a cold centrifuge (4°C) at 2000 g for 10 minutes. Serum and plasma samples were 
aliquoted into 0.5 ml labelled eppendorf tubes and were promptly frozen at -80°C until 
biochemical analysis. The same separation for yielding serum was done with the 
blood samples used to measure calcium.
The serum samples were analyzed for a number o f biochemical tests, which took place 
at Al-Sabah Hospital. A number of samples were sent on dry ice to the Supra- 
Regional Assay Service (SAS) labs in Manchester, United Kingdom for biochemical 
verification.
2.8. Biochemical tests
The serum samples were analyzed for their 25(OH)D, PTH and calcium content. Each 
of these analysis was performed in Al-Sabah Hospital, Kuwait by one or two qualified 
technicians. The analysis of 25(OH)D was performed using a radio-immunoassay kit 
(IDS Inc, USA), PTH was measured using the Immulite kit with the Immulite 1000 
. analyzer (Siemens Medical Solutions Diagnostics, USA), and adjusted serum calcium 
was measured using an automated chemistry analyzer (Dade Dimension RXL, 
Diamond Diagnostics, USA).
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2.8.1. 25(OH)D analysis
The protocol for analyzing 25(OH)D was adapted from the IDS RIA kit manual as 
follows; In a labelled borosilicate glass tube, 50 pi o f serum sample and 50 pi of 
Extraction Reagent 1 (solution containing sodium azide (<1 %)) were added and 
mixed using a vortex. The mixture was incubated at 18-25 °C for 20 min. A volume of 
500 pi of Extraction Reagent 2 (solution containing acetonitrile) was added and mixed 
with a vortex mixer followed by centrifugation at 2000 g for 10 min. The supernatant 
was extracted and 50 pi o f it was transferred to a new labelled borosilicate glass tube. 
O f the radioactive vitamin D (125I 25(OH)D-tracer), 100 pi was added to the tube. 
Further, 1 ml of Antiserum (sheep anti-25(OH)D) was added to the tube and gently 
mixed by a vortex without foaming and the sample was then incubated at 18-25 °C for 
90 min. A volume of 100 pi of Sac-Cel (Anti-sheep IgG coupled to cellulose 
suspended in buffer with 0.09 % sodium azide) was added and again, the mixture was 
mixed gently using a vortex, and was incubated at 18-25 °C for 20 min. Three ml o f a 
dilute Wash solution (phosphate buffered saline) were then added followed by 
centrifugation at 2000 g for 10 min.
For quality control, a calibrator and 2 controls provided with the kit were included in 
each run. The run was considered of good quality if  the results o f the controls were 
within the range listed in the manufacturer’s quality control report. A chart was 
established using the 2 controls to assess the assay performance over time.
After obtaining extracted and labelled 25(OH)D, the samples were placed into a 
spectrophotometer (RIA Star-C 5420, Packard bioscience company, USA) to read the 
amount of 25(OH)D.
Precision was assessed by repeating the analysis of 7 different samples in multiple 
runs. The CV % o f 3 between runs (inter-assay) was 3.43 %, whereas that o f 3 within 
runs (intra-assay) was 5.44 %.
2.8.2. PTH analysis
The samples were analyzed for their PTH level using a solid-phase, two-site 
chemiluminescent enzyme-labelled immunometric assay. A volume o f 200 pi of 
serum was transferred into a sample cup (Dade Behring Inc, USA). The sample cup
41
was placed on the holder o f the machine and the automated program was started and 
lasted for 60 min. The detection and measurement of intact PTH was then recorded on 
a print out by the machine.
As a routine procedure, 2 calibrators and 3 controls were first tested before assessing 
the samples. As a result, the quality control report of the Immulite kit showed that the 
intact PTH values of the high and low control sera fell within the normal range tested 
by the manufacturer.
Precision was assessed by running 7 different samples multiple times. The CV % of 3 
between runs (inter-assays) was 3.43 % and that of 3 within runs (intra-assay) for the 
7 samples was 2.59 %.
2.8.3. Adjusted serum calcium analysis
A volume of 10 pi of each serum sample was transferred in a sample cup (Dade 
Behring Inc, USA) to measure albumin and calcium. The sample cup was placed in an 
automated chemistry analyzer (Dade Behring Dimension RxL Clinical Chemistry 
Analyzer, USA). The analyzer automatically, according to a standard program, carries 
out the procedure by mixing the serum with specific reagents. The analyzer, then, 
reads the quantity o f calcium and albumin and calculates the adjusted serum calcium 
from the two sera, and prints it out.
Before proceeding with the samples, the controls and calibrators were primarily 
measured as a routine quality control procedure. The results o f these were within the 
range defined by the manufacturer.
Within and between runs were assessed to determine the precision. Based on 3 
between runs and 3 within runs for 7 different samples, the intra-assay and inter-assay 
CV % were both 0.6 %.
2.8.4. Verification of 25(OH)D
To verify the 25(OH)D results of the IDS kit, 82 samples from the 1st recruitment 
were sent to the Supra-Regional Assay Services (SAS) labs in Manchester, a party
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who are well known for their standardization protocol in measuring vitamin D 
metabolites in England, Wales, and in the regular quality assurance scheme for 
250HD3 operated by the North-West Thames regional Biochemistry QA Working 
Party. With the supervision of Dr. J. Berry, serum 2 5 OHD3 and 250HD2 metabolites 
were analyzed using HPLC. Intact PTH was analyzed using a radioimmunoassay kit 
(Nichols Institute Allegro, USA). Further detail is mentioned in Chapter 3.
2.9. Bone densitometry
All females underwent a dual-energy x-ray absorptiometry (DXA) at the lumbar spine 
(L1-L4) using the Hologic Delphi I (QDR 4500, USA) with it’s Paediatric software 
(version 11.2:7) performed by one expert technician at Al-Sabah Hospital. Scan area 
(cm2), bone mineral content (BMC, g), bone mineral density (BMD, g/cm2), BMD-t- 
score, and BMD-z-score for the lumbar spine were all measured. Precision 
(coefficient of variation) values on the DXA machine were 1.0 % for total BMD. The 
Paediatric software database was adapted from both Zanchetta et al (1995) and 
Faulkner et al (1996). The former represented mean reference values from 2-20 years 
Caucasian children and adolescents, and the later represented mean reference values 
from 8-17 years Canadian Caucasian children and adolescents.
2.10. Dietary intake assessment
Dietary intake was assessed by a food frequency questionnaire FFQ. The food 
frequency questionnaire was set up to determine food consumption relative to vitamin 
D and bone health. Selection o f items was based on traditional consumable items in 
Kuwait, frequency of consumption, and relative importance as a calcium and vitamin 
D food source (Montomoli et al, 2002). The FFQ was administered by the researcher 
with intensive care as to decrease any potential misleading questions. Further specific 
details on the assessment of dietary intake of the participants can be found in Chapter 
5.
The summer group were given a FFQ which aimed to obtain data on the frequency of 
consumption (Appendix 6). whereas, the winter group were given a more detailed
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questionnaire which aimed to obtain data on both frequency and portion of 
consumption. Also, additional items were introduced in the questionnaire of the winter 
group (Appendix 7).
2.11. Physical activity assessment
Since physical activity particularly of the weight-bearing type has been shown to 
significantly contribute to greater bone mass and increased beak bone mass 
attainment, the girls were asked to report on the frequency o f their physical activity 
during the interview. A physical activity questionnaire was administered for this 
purpose and was designed to obtain specific information about their physical activity 
level (Appendix 8). Data on the frequency of activity and whether it was part of the 
school curriculum or part o f a sports team was obtained. The type of sport was 
reported to classify whether the activity was considered of weight-bearing type. The 
girls were also asked to report if  they were engaged in after-school sports or exercise 
such as walking or if  they were regularly attending a sports club. The girls were also 
asked to clarify if  their physical activity was part of a weight loss program.
The aim of obtaining data on physical activity, was to assess its impact on bone mass 
and accordingly to determine whether it should be controlled for when assessing the 
impact of other important factors on bone mass, and when comparing bone status of 
girls across populations.
In general, the majority o f girls were more or less inactive, avoiding sports & exercise 
and achieving minimal physical activity at home. However, some girls took part in a 
school sports team, weight-loss exercise program, or daily walking.
2.12. Statistical analysis
Statistical power for this dataset were not uniformly determined as this was an 
observational study and as such, we were not looking at the impact o f a particular 
intervention on a clinical outcome marker. Data was analyzed using SPSS software 
(Statistical Package for Social Sciences) version 14.0 (SPSS Inc, Chicago, USA). The 
SPSS was used for all the analysis and data were coded and analyzed by the
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researcher, with assistance and advice sought from Dr. Lanham-New and Dr. Lee. All 
variables were double checked for their values and outliers. Categorical variables were 
checked for their frequencies. All data are presented as mean, median and SD and all 
data were checked for normality using the K-S test. Normality tests were performed 
on all continuous variables. With normally distributed variables, parametric tests were 
used. Variables which were not normally distributed were transformed into their 
logarithmic form. These were checked again for their normality o f distribution by 
using the normality test. If they were normally distributed, they were entered in 
parametric tests. If they were not, non-parametric tests were used with them. Simple 
correlations and the analysis o f variance were performed to explore relations among 
variables and across subgroups. Partial correlations and the analysis o f covariance 
were used to explore the relations while adjusting for confounders. A multiple 
regression analysis model was established to determine the predictors o f vitamin D 
status and bone mineral content.
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Chapter 3: Verification of the vitamin D assay
3.1. Introduction
The measurement of 25(OH)D is used to assess both the vitamin D status and the 
response to treatment. Inaccurate assays may place patients at risk of either under- or 
over-replacement, with potential adverse consequences. Intra-assay and inter­
laboratory variations in 25(OH)D values have been reported leading to great concerns 
about the validity o f the 25(OH)D analysis. Different laboratories, using different 
methods, have been shown to yield radically different results for the same specimens. 
Binkley et al (2004) sent a group o f multiple samples to 6  different laboratories, which 
all used different methods. Results for the same specimens varied by as much as 2- 
fold. Furthermore, duplicate samples of the same specimens spiked with 20 ng/ml 
25(OH)D3 were sent to the same laboratories. Only two of the laboratories obtained 
what could be considered as a good recovery.
Different methods exist to quantify 25(OH)D ranging from competitive protein 
binding assays (CPBA) to radioimmunoassay (RIA) to high performance liquid 
chromatography (HPLC). The latter, however, is considered the most accurate if 
validated and performed by experienced personal (Hollis, 2004). It also provides the 
individual quantification o f 25(OH)D3 and 25(OH)D2 (Hollis, 2004). The 
disadvantage of this assay, however, is that it requires expensive equipment, large 
sample volumes, and technical expertise to perform the assay (Hollis, 2004; Jones, 
1978). The clinical demand for a validly rapid and less expensive assay method gave 
way to the radioimmunoassay (RIA) which is carried out with less steps (Hollis, 
2004), and therefore, has been widely used since (Carter et al, 2004b).
The international vitamin D quality assessment scheme (DEQAS), www.deqas.org. 
has been monitoring the performance of vitamin D assays since 1989 in a number of 
laboratories in many different countries (Carter et al, 2004a). Five samples of normal 
human sera are sent out quarterly to all participating laboratories to be measured for 
their total 25(OH)D concentration and subsequently returned. After statistical 
analysis, each of the participants receives a report with an All-Laboratory Trimmed
Mean ALTM and standard deviation SD for each sample. The accuracy o f each result 
is measured by calculating the percentage bias from the ALTM (Carter et al, 2004a).
The Supra-regional assay Service labs (SAS) for vitamin D metabolites is a laboratory 
performing a regular quality assurance scheme for vitamin D, and is operated by the 
North-West Thames Regional Biochemistry QA Working Party.
Given the significant variation in 25(OH)D quantification, the participation in a 
quality control program is, therefore, crucial for the accuracy and precision of the 
25(OH)D results measured in clinical laboratories. Thus, our aim was to verify the 
IDS RIA performed in our laboratory for the quantification of 25(OH)D among the 
adolescent females.
3.2. Methodology
Eighty two serum samples were sent to the Supra-Regional assay Centre SAS, 
Manchester, UK on dry ice. The samples arrived to their destination within two days 
frozen & safe. Accordingly, a number of tests were performed over there. HPLC was 
used to measure the volume o f 25(OH)D3 & 25(OH)D2, and intact PTH was measured 
using a radioimmunoassay kit (Nichols Institute Allegro).
3.2.1. Verification of the 25(OH)D analysis
While the 233 samples were measured for total 25(OH)D by IDS RIA (mentioned in 
Chapter 2), 82 o f them had been repeated by HPLC. In addition, both 25(OH)D3 and 
25(OH)D2 were individually measured. The stepwise procedure for 25(OH)D has 
been reported by Dr. Berry as the following:
To extract the metabolite, 0.5 ml of serum sample was placed into a 12x75 mm 
borosilicate glass culture tube containing 1000 cpm of [3H]25(OH)D3 in 25 pi of 
ethanol to monitor recovery of endogenous compound through the extraction and 
chromatographic procedures. Following a 15 min incubation with the tracer, 1 plasma 
volume of HPLC-grade acetonitrile was added to the sample. The sample was then 
vortex-mixed for 1 min, followed by centrifugation at 1000 g for 10 min. The
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supernatant was removed into another 12x75 mm culture tube and 1 plasma volume of 
distilled water was added.
C l 8  silica Sep-Pak cartridges (500 mg) and Sep-Pak racks were obtained. The C l 8  
cartridges were washed in order with 5 ml of HPLC-grade methanol. The sample was 
then applied to the cartridge and eluted through the cartridge under vacuum into 
waste. This initial step was followed by 5 ml o f 30 % water in methanol (discard), 
then 3 ml o f acetonitrile was added and collected as 25(OH)D. This acetonitrile 
fraction was dried in a heated water bath at 55 °C, under N2 . The lipid residue was 
then resuspended in 1 ml of 1.5 % isopropanol in hexane and capped. The C l 8  
cartridges can be cleaned and regenerated by washing with 2  ml of methanol and 
reused many times.
Silica Bond-Elut cartridges (500 mg) and Vac-Elut cartridge racks were obtained. The 
silica cartridges were washed in order with 5 ml of HPLC-grade methanol, 5 ml of 
HPLC-grade isopropanol, and 5 ml of HPLC-grade hexane. The sample, in 1 ml of 1,5 
% isopropanol in hexane, was then applied to the cartridge and eluted through the 
cartridge under vacuum into waste. This initial elution was followed by 4 ml of 1.5 % 
isopropanol in hexane (discard) and 6  ml of 5 % isopropanol in hexane. This 6  ml 
fraction contained 25(OH)D2 and 25(OH)D3 and was substantially dried in a heated 
water bath at 55 °C, under N 2 .
The final quantitative step was performed with normal-phase HPLC, using a 0.4x25 
cm Zorbax-Sil column packed with 5 pm spherical silica. The mobile phase was 
comprised of hexane/dichloromethane/isopropanol (50:50:2.5 v/v) at a flow rate o f 2 
ml/min. The sample residue from the silica cartridge was dissolved in 150 pi of 
mobile phase and injected from the silica cartridge previously calibrated with varying 
amounts of 25(OH)D2 and 25(OH)D3 (1-100 ng). This HPLC system provided clear 
resolution of 25(OH)D2 and 25(OH)D3. Elution and final quantification of 25(OH)D2 
and 25(OH)D3 was by direct UV monitoring at 265 nm. The 25(OH)D3 portion was 
collected, dried under N2 and subjected to liquid scintillation counting to determine 
the final endogenous recovery o f 25(OH)D2 and 25(OH)D3 from the sample. 
Calculations were then performed, and the results were reported in ng/ml as 
25(OH)D2, 25(OH)D3 and total 25(OH)D, and were converted to nmol/L in our study.
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The CV % was 10.7 % for the intra-assay and 13.2 % for the inter-assay based on 3 
samples in 9 runs.
3.2.2. Repeatability of 25(OH)D using IDS RIA
Eleven serum samples underwent repeated measurement for 25(OH)D using IDS RIA 
in different runs.
3.2.3. Bland & Altman test
To assess the level of agreement between the results o f the two assays, we have used 
the method described by Bland & Altman (1986). The procedure was mentioned in a 
stepwise manner in Cecelia et al (2006) as follows:
The differences between the standard assay and the IDS RIA assay were computed 
from each pair of sample as follows; {standard assay -  tested assay}
The mean between the standard assay and the IDS RIA assay were computed for each 
pair o f sample as follows; {(standards assay + tested assay)/2 }
A scatter plot with the differences on the y-axis plotted against the means of the 
corresponding samples on the x-axis was generated.
The average difference between the standard assay and the RIA assay in addition to 
the standard deviation of the difference were calculated to determine the mean and 
limits of agreement (mean difference -2SD & +2SD).
SPSS was used to generate a scatter plot based on the previous steps.
3.2.4. Verification of intact PTH
Among the 233 total serum samples, 151 were measured by Immulite intact PTH 
(Immulite 1000, USA) (mentioned in Chapter 2), 52 were measured by Nichols 
(Institute Allegro, USA) and 30 samples were measured by both assays. The stepwise 
procedure for using the Nichols assay has been reported by Dr. Berry as follows;
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Intact parathyroid hormone (1-84) was analyzed by a two-site enzyme-linked 
immunosorbent assay (ELISA) with two different goat polyclonal antibodies to human 
PTH that have been purified by affinity chromatography to be specific for a well 
defined region on the PTH molecule. One antibody was prepared to bind only the 
mid-region and C-terminal PTH 39-84 and this antibody was biotinylated. The other 
antibody was prepared to bind only the N-terminal PTH 1-34 and this antibody was 
labeled with horseradish peroxidase (HRP) for detection. Although mid-region and C- 
terminal fragments were bound by the biotinylated anti-PTH (39-84), only the intact 
PTH 1-84 forms the sandwich complex necessary for detection. The capacity o f the 
biotinylated antibody and the streptavidin-coated micro well both had been adjusted to 
exhibit negligible interference by inactive fragments, even at very elevated levels.
In the assay, standards, controls and samples were incubated with the enzyme labeled 
antibody and a biotin coupled antibody in a stretavidin-coated microplate well. At the 
end of the assay incubation, the microwell was washed to remove unbound 
components and the enzyme bound to the solid phase was incubated with the 
substrate, tetramethylbenzidine (TMB). An acidic stopping solution was then added to 
stop the reaction and converted the colour yellow. The intensity o f the yellow colour 
was directly proportional to the concentration of intact PTH in the sample. A dose 
response curve o f absorbance unit vs. concentration was generated using results 
obtained from the calibrators. Concentrations of intact PTH present in the controls and 
patient samples were determined directly from the curve.
Intra-assay and inter-assay CV % were 7.9 % and 11.5 % respectively. Within-run 
(intra-assay) and between-run (inter-assay) precision was determined by assaying 3 
samples in 1 0  runs.
3.3. Results
3.3.1. Verification of 25(OH)D
Seventy nine pairs (n=79) of 25(OH)D values were included in assessing the level o f 
agreement between HPLC and IDS RIA (3 extreme outliers excluded). Mean
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25(OH)D by HPLC was 20.7 ± 9.8 nmol/L (Table 3.1) which was lower than that of 
IDS RIA, 22.03 ± 7.2 nmol/L. Wilcoxon signed rank test revealed a significant 
difference (p<0.05) between the 25(OH)D values of the two assays. Cohen’s kappa 
test showed an agreement level of up to 0.31 between the two sets o f 25(OH)D values.
Further, the Bland & Altman plot (Figure 3.1) showed that the lower 25(OH)D values 
were overestimated, while the higher values were underestimated. More accurately, 
values below 20 nmol/L were likely to be overestimated by IDS RIA. As the values 
exceeded 20 nmol/L, the likelihood of underestimation increased. With values above 
28 nmol/L, IDS RIA was constantly underestimating 25(OH)D with regards to HPLC. 
In this study more overestimation than underestimation had occurred. In fact, IDS RIA 
had overestimated the values in up to 64.6 % of the times which is the reason for 
having the mean difference, shown as the middle line on the plot, below zero. 
However, in 95 % of the time, IDS RIA overestimated by no more than 10 nmol/L, or 
underestimated by no more than 7.4 nmol/L (as indicated by the limits o f agreement) 
depending on the value itself.
Moreover, the 25th quartile of 25(OH)D values by IDS RIA was at 16.44 nmol/L as 
opposed to 14.0 nmol/L of that by HPLC. Only 3.8 % of the 25(OH)D values by IDS 
RIA fell below 14.0 nmol/L compared to 29 % of those by HPLC. Furthermore, 30.4 
% o f the values in the lowest quartile o f HPLC were not recognized as being among 
the lowest quartile of IDS RIA values. On the other hand, only 10 % of the highest 
quartile of HPLC were not recognized by the highest quartile of IDS RIA, which 
might be as a result of having the 75th quartile cutoff points similar in both sets of 
25(OH)D values (25.8 & 25 nmol/L for IDS RIA & HPLC respectively).
Mean 25(OH)D3 was 19.6 ± 9.7 nmol/L whereas mean 25(OH)D2 was 1.06 ± 1 . 3  
nmol/L.
3.3.2. Repeatability of 25(OH)D by IDS RIA
Eleven samples were repeated, on different occasions, for the measurement of 
25(OH)D to assess the repeatability o f IDS RIA. Mean 25(OH)D results for the first 
time was 21.53 ± 5.73 (Table 3.1) while that of the second time was 21.627 ± 6.3 
nmol/L.
52
Table 3.1 Descriptive statistics o f the biochemical outcomes of 25(OH)D and PTH.
Metabolite Assay n mean SD min max
25(OH)D verification
25(OH)D IDS RIA 79 22.03 7.22 1 1 . 2 1 52
25(OH)D HPLC 79 20.7 9.88 4 52.7
25(OH)D2 HPLC 79 1.06 1.32 0 5.97
25(OH)D3 HPLC 79 19.61 9.76 3.98 51.19
25(OH)D repeatability
1st 25(OH)D IDS RIA 1 1 21.52 5.73 15.1 30.83
2nd 25(OH)D IDS RIA 1 1 2 1 . 6 6.28 13.5 34.4
PTH verification
PTH Immulite 30 9.25 9.49 0.33 53.3
PTH Nichols 30 9.5 8.57 3.5 48.2
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Figure 3.1 Bland & Altman plot showing the level of agreement between 25(OH)D 
values using HPLC and those using IDS RIA (n=79). The limits o f agreement are 
shown by the + 2SD and -  2SD. The mean difference was below zero (ie, -1.3 
nmol/L). The trend of the scatter around the mean difference indicates that the IDS 
RIA tends to overestimate 25(OH)D with lower values.
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Wilcoxon signed rank test revealed no significant difference between the results of the 
two time (p=0.722). The Bland and Altman test (Figure 3.2) showed that 95 % o f the 
times, IDS RIA randomly either overestimated by no more than 3.57 nmol/L or 
underestimated by no more than 2.4 nmol/L except for one time in which it 
underestimated by 4 nmol/L.
3.3.2. PTH verification
Thirty samples were measured for intact PTH by both the Immulite and Nichols 
methods. Mean PTH using the Immulite was 9.25 ± 9.49 (Table 3.1), while that of 
Nichols assay was 9.5 ± 8.57. The Wilcoxon signed ranks test revealed that both sets 
of results were not significantly different (p=0.596).
3.4. Discussion
3.4.1. Vitamin D metabolite
Although the 25(OH)D results of HPLC and IDS RIA were significantly different 
using the Wilcoxon signed ranks test, and that their level of agreement did not exceed 
0.31 kappa coefficient, a further test which describes the trend of the relation between 
the two assays was needed. The Bland and Altman test gave the advantage of visually 
assessing the agreement and closely describing the relation between the two assays. 
The number of samples used in the test was relatively high, which was another 
advantage in closely assessing the IDS RIA.
Cecelia et al (2006) has described in her paper that a mean difference of zero indicates 
the total agreement of the two assays. She also explained that the clinically acceptable 
range would be that within which the difference would fall approximately 95 % of the 
time. If the mean difference and the limit o f agreement were within the clinically 
acceptable range, then the assay undergoing verification could be considered as a 
successful assay, in our case, for measuring 25(OH)D.
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Since the mean difference for HPLC and IDS RIA was equal to -1.32 ± 4.35 rather 
than zero, this indicates that the two assays were not totally in agreement. The mean 
difference was below zero because 64.6 % o f the differences between the two assays 
were below zero. According to the equation; HPLC -  IDS RIA, a difference greater 
than zero indicates a smaller IDS RIA value compared to the value o f HPLC. On the 
other hand, a difference smaller than zero indicates a greater IDS RIA value compared 
to that of HPLC. In other words, a difference greater than zero would mean that IDS 
RIA underestimated the value o f HPLC, whereas a difference below zero would 
indicate that it overestimated that o f HPLC.
IDS RIA showed a trend in overestimating values below 20 nmol/L, which gradually 
decreased as the value of 25(OH)D increased. This was true until reaching 28 nmol/L 
and beyond at which IDS RIA started to underestimate values o f HPLC. The reason 
why IDS RIA overestimated the value o f 25(OH)D in 64.6 % o f the times was 
because most of the values were at the lower end. Around 53.8 % of the values were 
below 20 nmol/L and 79 % o f the values were below 28 % nmol/L.
Nevertheless, IDS RIA has shown an obvious trend in overestimating values at the 
lower end as 30.4 % o f the values in the lowest quartile of HPLC were not recognized 
as being among the lowest quartile of IDS RIA values compared to only 10 % of the 
highest quartile of HPLC not being recognized by the highest quartile o f IDS RIA.
This is in accordance with an earlier study which found that 21 % of the 25(OH)D 
values in the lowest quartile using HPLC were not recognized by RIA as being in the 
lowest quartile (Lips et al, 1999).
The possibility that the quality of 25(OH)D had been effected by the handling in the 
laboratory and the long distance shipment to the UK was taken into account. 
However, Antonicci et al (2005) has shown that freezing and thawing up to 4 cycles at 
-70°C had no significant effect on the quality of 25(OH)D. Freezing prior to shipment 
took place at -80°C, whereas overall thawing had occurred no more than 3 times. In 
addition, the samples have been reported to arrive their destination frozen and safe.
Although the means of 25(OH)D and their ranges (not the lower limit) were very 
close, Bland and Altman plot showed that 95 % o f the times, IDS RIA had 
overestimated the value by no more than 10 nmol/L and underestimated by no more 
than 7.4 nmol/L. This might be a problem in clinical practice, especially with lower
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values of 25(OH)D. With vitamin D deficiency being very common in Kuwait, the 
IDS would, therefore, frequently overestimate 25(OH)D values putting vitamin D 
deficient patients under continuous risk for calcium deficiency. This is likely to 
happen, especially with the normal reference range in Kuwait being very low (ie, 23- 
113 nmol/L, from the manufacturer).
However, when dividing each set of 25(OH)D into deficient (<30 nmol/L), 
insufficient (30-75 nmol/L), and sufficient groups (>75 nmol/L), only 3 out of the 79 
samples categorized in the insufficient group by HPLC were grouped in the deficient 
group by IDS RIA. Therefore, despite the relative inaccuracy of IDS RIA, especially 
with lower values, both assays placed the 25(OH)D values in the same category. The 
IDS RIA, thus, persists in its ability to accurately assess vitamin D status which will 
allow for medical intervention.
A further complication of the IDS RIA, however, lies in its inability to detect 
25(OH)D2 with the same efficiency as 25(OH)D3 (Carter et al, 2004). Hollis (2004) 
tested the IDS RIA method for its ability to recover 25(OH)D2 and found that it 
underestimated total circulating 25(OH)D when significant circulating 25(OH)D2 was 
present in the serum. Fortunately, this does not create a problem in Kuwait because 
the main source for vitamin D supplementation and fortification is cholecalciferol (ie, 
vitamin D3 ). A common brand name consumed is Caltrate which contains between 
200 to 400 IU. Furthermore, HPLC results of 25(OH)D2 have proven to be 
insignificant in the overall contribution to 25(OH)D as mean 25(OH)D2 was 1.03 ± 
1.3 nmol/L among the 79 samples.
Nevertheless, IDS RIA was found to have a good repeatability when measuring 
25(OH)D on different occasions in the same samples as the Wilcoxon signed rank test 
showed no significant difference between the two values o f the same samples. 
However, the Bland & Altman plot (Figure 3.2) indicated that in 95 % o f the repeated 
measures, IDS RIA might overestimate by no more than 3.57 nmol/L or underestimate 
by no more than 4.0 nmol/L, which can be clinically acceptable.
The degree of repeatability can limit the amount o f agreement between two assays 
(Bland & Altman, 1986). Therefore, the random overestimation and underestimation 
of the IDS RIA might have possibly effect the accuracy of the method when being 
compared with HPLC.
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3.4.2. PTH measurement
Wilcoxon signed ranks test showed that there was no significant difference between 
the two sets o f values o f PTH. This allows us to join all o f the samples (n=233) in this 
study despite being analyzed by two different assays.
3.5. Conclusion
Although the IDS RIA showed a good repeatability given that there were no 
significant differences between the same samples using the same assay (in Kuwait), 
the results were significantly different from those measured by HPLC (in Manchester, 
UK). When using the Bland and Altman test, it was demonstrated that the IDS RIA 
overestimated the values o f HPLC by no more than 10 nmol/L and underestimated by 
no more than 7.4 nmol/L in 95 % o f the time.
The great difference between the IDS RIA and the HPLC results for 25(OH)D are 
concerning and need to be taken into consideration when comparing results o f patients 
between laboratories. Whether or not the methodology for analyzing 25(OH)D should 
be reconsidered is a matter of question and further analysis is needed. However, based 
our results, the IDS RIA might be unsuitable for the Kuwaiti population given that 
25(OH)D deficiency is very common and the assay tends to overestimate very often, 
especially lower values (<28 nmol/L).
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CHAPTER 4  
DESCRIPTION OF THE POPULATION
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Chapter 4: Description of the population
4.1. Introduction
Anthropometry is widely used in surveys as an indication of nutritional and health 
status. It is especially important during childhood and adolescence as it allows for the 
evaluation o f physical and maturational growth as well as health risks. There are 
currently no local growth standards for the Kuwaiti children and adolescents. There 
has been, however, an attempt to establish one using a sample o f 6765 children 6-9 
years old as far as two decades ago, and the results were found similar to the Tanner 
reference standards (Bayoumi et al, 1984). For older children and adolescents, the 
2000 CDC reference standards are used locally (personal communication).
The aim of this chapter was to compare our adolescent girls to standards in order to 
determine whether the study sample represents the Kuwaiti population.
4.2. Methodology
The methodology for obtaining anthropometric measurements has been explained 
intensively in Chapter 2 (2.5. Anthropometric measurements).
4.3. Results
4.3.1. Age and puberty
A total o f 233 adolescent girls were included in the study among which 123 were 
recruited in the summer and 1 1 0  were recruited in the winter.
Mean ± SD age of the total number of girls was 15.37 ± 1.67 ranging from 10 to 18 
years old. Median age was 15.58 years (Table 4.1). Mean ± SD and median age o f the 
summer group was 14.99 ± 1.82 and 14.83 respectively, whereas, the winter group
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had a mean ± SD of 15.8 ± 1.37 and a median of 15.88 years old. When categorising 
the age into six month subgroups, none of the girls fell in the 10-10.49 age group nor 
the 11.0-11.49 age group. Most o f our girls fell between 13-17.99 years old.
Mann-Whitney U test revealed that the summer and winter groups were significantly 
different in their age (p<0.001). The winter girls were older. In addition, a significant 
difference (p<0.01) was also found between the medians of age o f the two groups 
using the Kruskal-wallis test.
Puberty had occurred among 96.1 % o f the total number o f girls (224/233), 94.3 % of 
the summer group (116/123) and 98.2 % o f the winter group (108/110). The range of 
menarche age for the total number o f girls (n=228) was 9.08-16 years. The mean age 
at menarche for the total number of pubertal girls was 12.11 ± 1.25 with a median of 
12.08 years old (Table 4.1). The summer group had a mean of 12.2 ± 1.25 and a 
median of 12.33 y, while the winter group had a mean of 11.96 ± 1.23 and a median of 
12.0 years. While the age at menarche was very similar between the two groups, their 
number of months since menarche at the time of the study was significantly different 
using the independent samples t-test (p<0.001). The winter girls were more mature.
4.3.2. Anthropometries
Height, weight, BMI, waist circumference, hip circumference and hip/waist ratio of 
each group and of the total number o f girls were calculated and are shown in Table
4.2. Only slight differences between the two groups were found indicating that the 
groups were very similar.
Table 4.3 shows the mean, SD and median of the anthropometric measurements in 
each age group. Median height gradually increased with age and was the highest 
among the 17 year age group. The 18 year old girls had a median height equal to the 
12 year old girls. Median height at age 12 years dramatically increased. Median BMI 
was fluctuating throughout the age groups and the greatest median was among the 18 
year group. Median waist circumference and median hip circumference were both 
fluctuating throughout the age groups. The highest median o f waist and hip 
circumference was among the 18 year girls.
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Table 4.3 Anthropometric measurements and their mean, SD and median in each age group o f the adolescent 
girls.
A g e  (years) Statistics H eight (cm ) W eight (kg) BM I (kg/m 2)
W aist
circum ference
(cm )
H ip
circum ference
(cm )
w aist/h ip  ratio
M ean 150.7 57.5 25.3 74.3 90 .6 0 .82
10-10.9
SD 1.6 3.3 1.0 9.8 8.6 0 .03n = j
M edian 150.0 57.1 25.5 80.0 95 .0 0.83
M ean 152.0 50.1 21.5 74.4 90 .8 0 .82
11-11.9
SD 7.6 15.5 5.3 12.6 11.1 0 .07
n=b
M edian 151.7 48.3 20 .4 74.8 91.3 0.83
M ean 155.8 61.7 24 .8 78.8 99 .7 0 .79
12-12.9
S D 8.0 24 .9 7.3 14.8 16.2 0 .06
n = l l
M edian 157.0 59.0 23 .0 72.0 102.5 0.81
M ean 157.9 54.3 21 .6 73.8 94.5 0.78
13-13.9
SD 6.9 13.2 4 .0 9.3 10.0 0 .04
n=JU
M edian 158.0 53.0 20 .7 72.0 93.8 0.78
M ean 159.9 59.3 23.1 75.6 99.3 0 .76
14-14.9
SD 5.6 13. 4 .5 9.8 11.1 0.05
n= 4z
M edian 159.3 59.0 22 .0 74.3 98 .8 0.76
M ean 159.7 58.3 22 .7 74.6 98.5 0 .76
15-15.9
SD 5.9 13.8 4 .7 8.7 9 .7 0.05
n=5U
M edian 159.1 54.5 21 .4 71.5 96.3 0 .76
M ean 159.8 64.0 25.1 78.5 102.1 0 .77
16-16.9
S D 5.8 13.8 5.1 11.7 10.4 0.05
n=46
M edian 159.2 60.5 23.8 74.4 9 9 .7 0 .76
M ean 160.8 64.5 24 .9 78.7 102.7 0 .76
17-17.9
S D 5.6 17.7 6 .2 12.7 11.1 0 .05
n=J4
M edian 160.8 57.5 22.8 74.3 98 .7 0 .76
M ean 158.4 71.1 28 .2 85.2 106.6 0 .80
18-18.9
SD 6.6 18.1 6.5 13.6 11.3 0 .07
n = l l
M edian 157.0 72.7 27.5 87.0 106.5 0.81
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When comparing the heights of the girls with the 2000 CDC values (Kuczmarski et al, 
2002) (Table 4.4), our girls were found to be shorter. Although girls of age 10.5-12.49 
years were found to be taller, there were only 10 girls in this group. Both mean ± SD 
and median (50th percentile) heights were agreeable in showing the differences 
between the two sets of data. The differences were as small as 0.3 cm in age group 
13.5-13.99 and as large as 7.7 cm in age group 18.0-18.49. However, the size of 
differences fluctuated along the whole set of data.
Median height for 12.5-18 years old ranged between the 25th and 50th percentiles of
tVithe CDC reference table, except for that of the 18 years which was between the 10 
and 25th percentiles (Table 4.5).
When comparing the BMI values of the adolescent girls with the 2000 CDC standards 
(Kuczmarski et al, 2002), the girls had a higher BMI in almost all age groups (Table 
4.6). In some cases, the difference was simple such as in the 50th percentile of the age 
group 13.5-13.99 years, whereas in other cases the difference was great such as in the 
75 percentile of the age group 16.0-16.49 years.
tVi tViMedian BMI fell between the 50 and 75 percentiles for the age 13-15.5 years old 
and for the age 16.30-17.5 years. However, at age 12.5 and 16 years, median BMI fell 
between the 75th and 85th percentiles. At age 18-18.99 years, median BMI fell between 
90th and 95th percentiles. BMI had no clear trend with regards to age, as it varied 
through out the age groups. The 18 year age group were found to be the heaviest, with 
the maximum BMI, waist and hip circumference values.
Among the 233 adolescent girls, 136 (58.4 %) had normal weight (Table 4.7), while 
47 (20.2 %) were overweight and 42 (18 %) were obese. Only 8  girls (3.4 %) were 
considered underweight. The BMI classes fluctuated among the different age groups 
and showed no distinct pattern. The highest prevalence o f normal weight was found 
among the 13-14.49 age group, while the highest underweight percentage was found 
in the 14.5-15.99 age group. The 17.5-18.99 age group showed the highest overweight 
and obese prevalence. A positive correlation was found between age and BMI (r=0.2,
p = 0 . 0 0 2 ) .
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T able 4.4 Mean, SD and selected percentiles for stature-for-age o f  the adolescent girls aged 10-18 years old in Kuwait
compared to the 2000 CDC reference values.*
Age Source n Mean SD 3rd 5th 10th 25th 50th 75th 90th 95th 97th
10.0-10.49
CDC
Kuwait 0
139.9 7.0 127.5 129.2 131.5 135.2 139.8 144.3 148.4 152.0 152.7
10.5-10.99
CDC
Kuwait 3
142.9
150.7
7.0
1.6
129.4
149.5
130.5
149.5
133.8
149.5
138.4
149.5
142.5
150.0
147.4
152.5
152.2
152.5
155.0
152.5
156.8
152.5
11.0-11.49
CDC
Kuwait 0
146.6 7.5 132.8 134.5 136.4 141.6 147.0 152.2 155.8 157.8 159.4
11.5-11.99
CDC
Kuwait 6
149.9
152.0
7.9
7.6
135.7
141.0
138.7
141.0
140.6
141.0
144.2
145.9
149.7
151.7
155.2
158.8
159.9
162.5
164.5
162.5
165.5
162.5
12.0-12.49
CDC
Kuwait 1
153.2
157.0
7.5
0.0
138.2
157.0
141.0
157.0
143.9
157.0
148.1
157.0
153.4
157.0
158.4
157.0
162.8
157.0
165.7
157.0
167.0
12.5-12.99
CDC
Kuwait 10
156.3
155.6
6.9
8.4
143.0
140.9
144.6
140.9
147.5
141.8
151.9
149.9
156.5
155.8
160.7
161.6
165.0
170.4
166.3
171.3
168.4
171.3
13.0-13.49
CDC
Kuwait 11
158.7
157.7
6.8
8.3
145.1
148.5
147.5
148.5
150.0
148.9
154.4
152.5
158.9
154.0
163.2
161.5
166.7
175.0
169.5
177.0
170.4
177.0
13.5-13.99
CDC
Kuwait 19
159.4
157.9
6.3
6.2
147.6
143.5
149.5
143.5
150.9
149.0
155.5
153.5
159.3
159.0
163.2
162.0
167.0
164.5
169.9
170.0 170.0
14.0-14.49
CDC
Kuwait 17
160.7
159.8
6.4
5.8
149.8
154.0
150.8
154.0
152.6
154.0
156.3
154.8
161.0
157.0
165.0
164.7
169.4
169.3
171.9
170.5
172.7
170.5
14.5-14.99
CDC
Kuwait 25
161.4
159.9
6.7
5.6
148.4
152.0
150.2
152.0
152.8
152.2
156.7
155.0
161.6
160.5
166.2
163.4
169.9
168.8
172.4
171.4
174.1
172.0
15.0-15.49
CDC
Kuwait 21
162.3
159.8
6.4
6.2
150.9
151.4
151.9
151.4
154.2
151.6
158.3
154.3
162.2
159.5
166.5
165.8
170.6
169.3
173.5
170.0
176.0
170.0
15.5-15.99
CDC
Kuwait 29
163.6
159.6
6.3
5.9
151.7
148.9
153.1
150.2
155.4
151.7
159.2
156.0
164.0
159.0
167.8
161.9
171.2
166.5
173.9
173.5
175.5
180.0
16.0-16.49
CDC
Kuwait 33
162.7
159.5
6.2
5.9
151.2
150.5
151.9
151.2
155.2
152.4
158.5
154.2
162.8
159.0
166.4
164.1
171.2
168.1
172.6
170.2
174.3
172.9
16.5-16.99
CDC
Kuwait 13
162.4
160.4
6.5
5.8
150.1
150.0
151.6
150.0
154.4
151.2
158.3
155.8
162.5
159.3
166.4
165.4
170.9
167.6
173.0
168.0
174.2
168.0
17.0-17.49
CDC
Kuwait 20
162.8
160.1
6.6
6.2
151.4
149.3
153.2
149.4
155.0
150.6
158.4
156.6
162.2
160.5
167.0
164.4
171.9
170.4
174.0
171.0
176.3
171.0
17.5-17.99
CDC
Kuwait 14
163.1
161.8
6.2
4.7
150.3
153.5
151.8
153.5
154.9
155.0
159.3
158.0
163.3
162.8
167.0
165.3
171.0
168.1
172.8
169.6
175.6
169.6
18.0-18.49
CDC
Kuwait 6
163.8
156.5
6.8
7.8
151.5
143.5
153.7
143.5
155.3
143.5
159.4
150.9
164.3
156.6
167.5
164.3
172.6
165.0
174.9
165.0
177.0
165.0
18.5-18.99
CDC
Kuwait 5
163.3
160.6
6.2
4.5
150.3
155.5
152.4
155.5
154.9
155.5
159.1
155.8
163.7
163.0
167.0
164.3
170.7
165.0
173.6
165.0
174.2
165.0
* Kuczmarski et al (2002).
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Table 4.5 Median height and BMI of the Kuwaiti adolescent girls plotted on the 
2000 CDC charts.*
Age n Percentiles of height Percentiles of BMI
10.0-10.49 0
10.5-10.99 3 90th-95th >97th
11.0-11.49 0
11.5-11.99 6 50th-75th 75th-85th
12.0-12.49 1 50th-75th 95th-97th
12.5-12.99 1 0 25th-50th 75th-85th
13.0-13.49 1 1 25th-50th 50th-75th
13.5-13.99 19 25th-50th 50th-75th
14.0-14.49 17 25th-50th 50th-75th
14.5-14.99 25 25th-50th 50th-75th
15.0-15.49 2 1 25th-50th 50th-75th
15.5-15.99 29 25th-50th 50th-75th
16.0-16.49 33 25th-50th 75th-85th
16.5-16.99 13 25th-50th 50th-75th
17.0-17.49 2 0 25th-50th 50th-75th
17.5-17.99 14 25th-50th 50th-75th
18.0-18.49 6 10th-25th 90th-95th
18.5-18.99 5 25th-50th 90th-95th
* Kuczmarski et al (2002).
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Table 4.6 Mean, SD and selected percentiles for BMI -for- age o f  the adolescent girls aged 10-18 years in Kuwait compared to the
2000 CDC reference values.*
Age Source n mean SD 3rd 5th 10th 25th 50th 75th 85th 90th 95th 97th
10.0-10.49
CDC
Kuwait 0
17.31 2.87 13.50 13.80 14.27 15.41 16.66 18.51 19.93 20.99 23.18 23.78
10.5-10.99
CDC
Kuwait 3
17.56
25.31
2.81
1.00
13.89
24.22
14.09
24.22
14.74
24.22
15.72
24.22
17.03
25.50
18.61
26.20
20.04
26.20
21.78
26.20
23.35
26.20
24.03
26.20
11.0-11.49
CDC
Kuwait 0
18.35 3.24 13.94 14.45 14.91 16.16 17.87 20.00 21.38 22.43 24.71 26.99
11.5-11.99
CDC
Kuwait 6
18.80
21.47
3.59
5.30
13.86
13.93
14.39
13.93
15.20
13.93
16.23
18.15
18.36
20.41
20.34
26.07
22.01
29.36
23.08
29.60
25.76
29.60
27.53
29.60
12.0-12.49
CDC
Kuwait 1
18.99
26.57
3.28
0.00
14.62
26.57
14.77
26.57
15.49
26.57
16.60
26.57
18.41
26.57
20.75
26.57
22.00
26.57
22.74
26.57
25.10
26.57
27.12
26.57
12.5-12.99
CDC
Kuwait 10
19.63
24.63
3.59
7.63
14.95
16.44
15.19
16.44
15.81
16.65
17.24
19.94
18.77
22.33
21.28
27.13
23.58
36.35
24.70
41.15
26.59
42.02
28.01
42.02
13.0-13.49
CDC
Kuwait 11
19.96
22.44
3.80
5.24
15.07
16.40
15.42
16.40
16.13
16.75
17.47
18.36
18.96
19.48
21.55
27.62
23.37
29.91
24.39
30.73
28.47
31.00
30.26
31.00
13.5-13.99
CDC
Kuwait 19
20.37
21.11
3.95
3.22
14.80
16.20
15.60
16.20
16.32
17.30
17.77
19.20
19.62
20.90
21.96
21.75
23.71
23.89
24.76
26.60
27.83
30.23
30.03
30.23
14.0-14.49
CDC
Kuwait 17
20.75
22.76
3.95
4.43
16.05
16.84
16.39
16.84
16.75
17.25
18.04
18.95
19.77
22.25
22.37
25.96
24.62
27.84
25.76
29.49
29.13
32.62
32.17
32.62
14.5-14.99
CDC
Kuwait 25
21.17
23.32
3.68
4.70
16.27
15.90
16.68
16.31
17.48
17.50
18.51
19.68
20.47
21.75
22.83
27.42
24.52
28.73
25.89
30.61
27.69
32.58
29.43
32.95
15.0-15.49
CDC
Kuwait 21
20.90
23.43
3.63
5.27
16.53
15.50
16.77
15.63
17.37
16.89
18.51
19.10
20.03
21.86
22.29
27.67
24.01
29.00
25.57
30.86
28.54
33.83
29.85
34.11
15.5-15.99
CDC
Kuwait 29
21.19
22.21
3.55
4.27
16.75
14.90
17.19
15.46
17.59
17.20
19.06
18.98
20.43
21.16
22.47
25.78
23.86
27.35
25.02
29.56
27.14
30.14
30.18
30.50
16.0-16.49
CDC
Kuwait 33
21.66
25.35
3.87
5.33
16.97
17.40
17.71
18.34
18.22
19.63
19.10
21.15
20.62
24.09
22.83
29.92
25.70
32.21
26.46
34.97
29.68
35.50
31.77
36.21
16.5-16.99
CDC
Kuwait 13
21.91
24.36
3.97
4.71
17.17
16.06
17.65
16.06
18.17
17.64
19.31
21.54
21.05
23.50
23.39
28.20
25.22
29.32
26.50
32.25
29.33
34.20
32.19
34.20
17.0-17.49
CDC
Kuwait 20
21.98
24.10
4.51
6.11
16.77
15.89
17.11
15.98
17.61
17.73
19.20
20.07
21.08
22.00
23.59
26.72
25.15
31.63
26.88
34.89
30.27
39.50
32.29
39.73
17.5-17.99
CDC
Kuwait 14
22.53
25.92
4.31
6.35
17.41
19.02
17.92
19.02
18.71
19.80
19.89
21.47
21.71
23.55
23.90
28.78
25.41
35.52
26.80
38.58
30.27
40.40
33.63
40.40
18.0-18.49
CDC
Kuwait 6
21.94
29.95
4.16
7.41
16.44
19.40
16.59
19.40
18.36
19.40
19.55
23.83
20.99
29.53
23.28
37.21
24.45
39.35
26.22
39.50
32.55
39.50
34.02
39.50
18.5-18.99
CDC
Kuwait 5
21.80
26.02
3.28
5.07
16.70
19.83
17.58
19.83
18.21
19.83
19.28
20.77
21.60
27.36
23.66
30.61
24.32
31.64
26.00
31.64
28.88
31.64
28.88
31.64
* Kuczmarski et al (2002).
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Table 4.7 Prevalence of under-, normal, over-weight and obese adolescent girls in Kuwait
based on their BMI and according to the reference values of the 2000 CDC.*
Age groups (y) N
Underweight 
N %
Normal 
N %
Overweight 
N %
Obese 
N %
10.0-11.49 3 0 0.0 0 0.0 0 0.0 3 100.0
11.5-12.99 17 1 5.9 9 52.9 3 17.6 4 23.5
13.0-14.49 47 0 0.0 33 70.2 10 21.3 4 8.5
14.5-15.99 75 4 5.3 43 57.3 16 21.3 12 16.0
16.0-17.49 66 3 4.5 40 60.6 11 16.7 12 18.2
17.5-18.99 25 0 0.0 11 44.0 7 28.0 7 28.0
Total 233 8 3.4 136 58.4 47 20.2 42 18.0
♦Kuczmarski et al (2002).
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4.3.3. Demographics, nationality and veiling
Most o f the girls recruited in the study were Kuwaitis (85 %), and the majority lived 
in Asma and Jahara. The least number o f girls lived in Ahmedi and Hawalli. Table 4.8 
shows the percentage frequency o f girls living in the six govemorates o f Kuwait. To 
overcome the problem of having fewer girls in the last two govemorates, the six 
govemorates have been combined into 3 in this study based on their land distance and 
the cultural background o f their populations. Accordingly, Asma, Hawaii, Farwania 
were in one group. Ahmedi and Mubarak Alkabir in one group, and Jahara was in a 
separate group (Table 4.9).
Veiling had occurred in 77.7 % o f the total number of girls recmited in the study 
(Table 4.10). Among them, 20.2 % were fully veiled and 57.5 % were partially veiled. 
More unveiled girls were among the summer group compared to the winter group, and 
more partially veiled girls were among the winter group compared to the summer 
group. However, the most prevalent dress type among the girls, generally, was the 
partially veiling.
4.4. Discussion
4.4.1. Comparing puberty among Kuwaiti adolescents with other populations
Age at menarche in the current study was found to be around 12.1 years which is 
earlier than in the Saudi girls (13.05 y) (Babay et al, 2004), the Jordanian girls (13.79 
y) (Ammari et al, 2004), the Bahraini girls (13.0y) (Musaiger et al, 1993), the UAE 
girls (12.68) (Badrenath et al, 2004), the Iranian girls (12.91) (Ayatollahi et al, 2002), 
the Omani girls (13.3 y) (Musaiger, 1991), the Sudanese girls (13.91 y) (Attallah, 
1983), and the Egyptian girls (13.0 y) (Torres-Mejia et al, 2005). It was also found 
earlier than in the British girls (12.9 y) (Demerath et al, 2004) and the American girls 
(12.4 y) (McDowell et al, 2007).
Compared to an earlier study on Kuwaiti females (Jackson et al, 1999) in which the 
age at menarche was 1 2 . 6  years, the finding that age at menarche has declined over 
the years agrees with findings in other populations.
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T a b le  4 .8  The percentage frequency o f  girls liv ing form each govem orate in Kuwait.
Govemorate
Summer group (n=123) Winter group (n=l 10) Total (n=233)
Freq % Freq % Freq %
Asma 43.0 35.0 27.0 24.5 70.0 30.0
Hawalli 12.0 9.8 5.0 4.5 17.0 7.3
Farwanya 7.0 5.7 24.0 21.8 31.0 13.3
Mubarak Alkabeer 10.0 8.1 26.0 23.6 36.0 15.5
Ahmedi 9.0 7.3 6.0 5.5 15.0 6.4
Jahara 42.0 34.1 22.0 20.0 64.0 27.5
Table 4.9 The percentage frequency o f  girls living in the three combined govemorates o f  Kuwait.
Govemorate
Summer group (n=123) Winter group (n=l 10) Total (n=223)
Freq % Freq % Freq %
Asma + Hawalli +  Farwanya 62.0 50.4 56.0 50.9 118.0 50.6
Ahmedi +  Mubarak Alkabeer 19.0 15.4 32.0 29.1 51.0 21.9
Jahara 42.0 34.1 22.0 20.0 64.0 27.5
Table 4.10 Percentage o f  differently veiled girls in the study.
Type o f  dress
Summer group (n=123) Winter group (110) Total (n=233)
Freq % Freq % Freq %
Fully veiled 30.0 24.4 17.0 15.5 47.0 20.2
Partially veiled 57.0 46.3 77.0 70.0 134.0 57.5
Unveiled 36.0 29.3 16.0 14.5 52.0 22.3
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Demerath et al (2004) has shown that American girls bom in the 1980s had a mean 
age at menarche 3-6 months earlier than that of girls bom before. This has been 
confirmed by other researchers such as McDowell et al (2007) and Anderson & Must 
(2005) in which data from the National health examination surveys, USA were used. 
Babay & co-workers (2004) have shown that the age at menarche has significantly 
decreased (p<0.05) among Saudi women from 13.22 to 13.05 years over the last 20 
years. Ainy & co-workers (2007) have found that age at menarche among 406 Iranian 
mothers has declined from 13.6 y to 13.2 y in their daughters (which were >25 year 
younger).
The downward trend in age at menarche has been attributed to improved nutrition and 
socioeconomic conditions. In a study by Torres-Mejia et al (2005), BMI, 
socioeconomic level and residence were examined as determinants o f the age at 
menarche among two different populations (Egyptian and Mexican adolescent 
females). The findings were that menarche at an earlier age was associated with 
overweight and obesity in both o f the populations, and high socioeconomic level and 
urban residence in only the Mexican adolescents. In an earlier study, however, 
Attallah (1987) found an association between an early menarche and a higher 
socioeconomic level among Egyptian and Sudanese adolescents in two separate 
studies. The mean age at menarche in the high, middle and low socioeconomic classes 
of the Egyptian adolescent females was 12.59,13.09 and 13.89 years respectively, and 
13.35, 13.85 and 14.06 years respectively in the Sudanese adolescent females 
(Attallah et al, 1983).
The improvement in health care, nutrition and socioeconomic standards as a result o f 
civilization, has influenced the age at menarche creating a downwards trend. The 
logical explanation to the earlier age at menarche of the Kuwaiti adolescents in the 
current study compared to that of the other populations may also be due to the fact that 
Kuwait enjoys a higher standard of services compared to other countries, services 
which are available to all Kuwaitis regardless of their socioeconomic level.
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4.4.2. Comparing anthropometries of the Kuwaiti adolescents with other 
populations
The construction o f the 2000 CDC (Kuczmarski et al, 2002) was based on National 
USA surveys that took into consideration the different ethnic groups living in the 
United States. Previous studies have showen that children o f all major racial-ethnic 
groups appear to have similar growth potential (Habicht et al, 1974; Graitcer & 
Gentry, 1981). Therefore, these standards are applicable in many different populations 
and have been widely used, especially, in populations lacking their own standards. 
Kuwait, like many other countries, has been using the 2000 CDC charts (Ogden et al, 
2002).
Kuwait has also established a national nutrition surveillance system since 1995 in 
which anthropometric data of a group of the population are documented. The latest 
report (2001-2005) o f the national surveillance system program in Kuwait showed that 
the prevalence of overweight and obesity among 10-13 y girls (n=981) was 27.2 % 
and 16.8 % respectively, while that among 14-20 year old (n=1611) was 25.3 % and 
20 % respectively. The classification of overweight and obesity was based on Cole et 
al, 2000. In comparison, our girls are less overweight, but have, on average, a similar 
prevalence of obesity.
An earlier study conducted prior to year 2000, Al-Mousa & Parkash (2000) showed 
that the prevalence of overweight and obesity, based on Must et al (1991), among 10- 
14 years old girls (n=5444) was 36 % whereas that among 14-17 years old girls 
(n=5322) was 31.1 %. The mean BMI was 20.4 and 23.01 for the younger and older 
girls respectively. The data was obtained from the national surveillance programme on 
anthropometric information.
In our study, the prevalence of overweight and obesity among our girls (10-18 y) was 
38 %. The mean BMI in girls aged 10-13 y was 23.3, while that o f aged 14-17 y was 
23.95. Thus, overweight and obesity have, on average, increased since year 2000. 
Comparing the BMI of the two studies, our girls were shown to be heavier than 
previous, especially among the 10-13 year group. This supports the view o f an upward 
trend for overweight and obesity as in neighboring populations.
Another study in Kuwait indicated that the prevalence of overweight was 31 % and 
that o f obesity was 13.5 % among 14-19 year old Kuwaiti girls (n=245) (Jackson et al,
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2007). The girls were recruited for an initial study prior to year 2000. Our results 
show a much lower prevalence o f overweight, but a higher prevalence o f obesity. The 
study suggested a generally larger prevalence of overweight and obesity (44.5 %) 
among the Kuwaiti adolescent females (14-19 y) as opposed to 31 % among 14-17 
year girls from the national surveillance programme (Al-Mousa & Parkash, 2000). 
However, this might be due to the fact that the girls were recruited from only two 
schools.
In the light of the previous studies and in the current study, the prevalence of 
overweight and obesity has increased in Kuwait. There is a universal trend towards an 
increase in overweight and obesity over the years, especially in countries with better 
services and increased food availability. A study in Bahrain showed that BMI has 
increased compared to earlier studies in the same population (Al-Sendi et al, 2003, a). 
Studies also show that females particularly tend to show a higher prevalence of 
overweight and obesity compared to males (Al-Mousa & Parkash, 2000; El-Hazmi & 
Warsy, 2002; Mohammadpour-Ahranjani et al, 2004). It is assumed that the 
availability of high incomes, abundance of food supply, easy access to high calorie 
fast food restaurants, and decreased physical activity have encouraged the rise in 
overweight and obesity.
Moreover, our results show that the prevalence of obesity was almost near that of 
overweight, suggesting that the overweight adolescent girls are becoming obese. Not 
surprisingly, overweight and obesity are continuously on the increase among Kuwaiti 
adults (Al-Isa, 1997). Perhaps this is because childhood overweight has been shown to 
be associated with adult overweight (Freedman et al, 2005). In fact, childhood 
overweight and obesity have been shown to be significant predictors of morbidity and 
mortality during adulthood (Kushner et al, 1993).
In comparison with standards, our results showed that the median height fell between 
the 25th and 50th percentiles (Table 4.5), indicating that the adolescent girls under 
study are only slightly shorter than standards. Median BMI for the majority of girls in 
the study was between the 50th-75th percentiles (Table 4.5). In comparison with the 
neighbour populations, our girls were taller than the Jordanian adolescents who had a 
median height between the 5th and 10th percentiles o f the 2000 CDC up until age 14 y, 
then between the 10th and 25th percentiles until the age 17.5 y (Hasan et al, 2001). 
However, median BMI was similar to the Jordanian girls. Our girls were also taller
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th tfithan the Omani girls (11.5-18.5 y) who had a mean height between the 5 -25 
percentiles based on the NCHS reference values (Musaiger, 1991).
The prevalence o f overweight among the current adolescents (11.5-18 y) was 20 % 
and that of obesity was 18 % (Table 4.7). Around 38 % of our girls were either 
overweight or obese. This was found similar to data from UAE girls (11-17 years) 
who had a prevalence of 37 % of overweight or obesity according to Cole et al 
classification for BMI (Malik & Bakir, 2007). Our results were also similar to the 
Bahraini adolescent girls (12-17 years) studied by Al-Sendi et al (2003, b), which 
showed that overweight was slightly lower than our results (18.7%), while obesity was 
slightly higher (2 0 . 2  %).
On the other hand, overweight and obesity together among our girls were found to be 
higher compared to that of the Saudi girls. A study in Saudi Arabia showed that 
overweight and obesity was prevalent among 12.7 % and 6.74 % girls aged 2-18 year 
respectively (El-Hazmi & Warsy, 2002). Our results were also higher than the Iranian 
females (Mohammadpour-Ahranjani et al, 2004). The prevalence of overweight in 
Iranian adolescent girls (Tahran) aged 11-16 years old was 23.1 % and that o f obesity 
was 8.3 %. Further, our results were higher than the Lebanese girls aged 10-19 y who 
had an overweight and obesity prevalence of 15.5 % & 2.7 % respectively. 
Overweight among our girls was found lower than that o f the Egyptian girls (35.9 %) 
aged 10-19 y, but obesity in our girls was higher than that of the Egyptian girls 11.2 % 
(Jackson et al, 2007). In another study on UAE children 6-16 years, the prevalence of 
overweight among the girls ranged between 2.1-14.9 %, whereas that o f obesity 
ranged between 5.2-24.6 %. It was obvious that obesity was more prevalent than 
overweight in that particular study sample.
In comparison with the American girls (12-19 y) among which 30 % were overweight 
and 15.5 % were obese, including the three major ethnic groups (Ogden et al, 2002), 
our girls were less overweight, but more obese than them.
Although the studies mentioned in comparison with the current study have all been 
conducted between 1998-2001 (except for Musaiger, 1991 & Musaiger et al, 2000 
which were conducted between 1989-1992), there is a general conclusion that Kuwait 
stands in front in its prevalence in overweight and especially, obesity among the 
adolescent females.
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4.5. Conclusion
Compared to the CDC charts that are currently used in clinical practice in Kuwait, the 
girls in this study were slightly shorter (mainly between 25th and 50th percentiles) and 
heavier (mostly between 50th and 75th percentiles). Overweight was evident in 16.7 to 
28 % o f the girls, whereas obesity was evident in 8.5 to 28 % of the girls according to 
age group.
Compared to the anthropometric data of the first national surveillance programme in 
Kuwait prior to year 2000 (Al-Mousa & Parkash, 2000), our girls were found to be 
slightly heavier given that our girls of age 10-13 years had a BMI mean of 23.3 
compared to 20.4 and our girls of age 14-17 years had a BMI mean o f 23.95 
compared to 23.01 of the surveillance.
Compared to the latest surveillance o f 2001-2005, the prevalence of overweight and 
obesity together was lower in our study given that 34 % o f our 10-13 year girls vs. 44 
% and 40 % o f our 14-18 year girls vs. 45.3 % o f the surveillance were obtained. The 
BMI classification was, however, based on Cole et al (2000) which was different than 
the BMI classification of our results (Table 2.1) and the first surveillance.
Concordantly with previous evidence of an upward trend of overweight and obesity in 
the population (Al-Isa, 1997), our adolescent girls show a similar anthropometry to 
previous studies in Kuwait. Therefore, it is acceptable to consider our girls 
representative of the Kuwaiti adolescent female population.
The adolescent females of this study have been shown to obtain similar anthropometry 
to previous studies with the view of an upward trend for overweight and obesity over 
the years. The method used to recruit the girls (2.2. Recruitment) helped in presenting 
a wider range of the Kuwaiti population given that they were recruited from all over 
the country.
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CHAPTER 5  
FOOD ANALYSIS
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Chapter 5: Food analysis
5.1. Introduction
Adequate dietary intake during adolescence is essential for the development of 
optimum peak bone mass and, therefore, critical to the prevention of osteoporosis in 
later adulthood. Many nutrients contribute to bone health among which calcium and 
vitamin D are particularly important during the rapid growth that occurs in 
adolescence. Milk and dairy foods are rich sources of calcium and often vitamin D, 
and are frequently targeted in nutritional interventions. In Kuwait, almost all milk 
products are fortified with 40 IU/100 ml. However, no investigation has been done to 
check whether the claim is actually true.
To evaluate the dietary intakes of adolescent females, food frequency questionnaires 
FFQ provide a quick and simple estimation. They also provide an average long-term 
estimation that is theoretically a more relevant determinant of chronic diseases than 
intake on a few specific days (Osowski et al, 2007).
Our objectives were to evaluate the habitual food consumption o f the Kuwaiti 
adolescent females to determine whether it favors a healthy bone status, and to 
determine particularly whether calcium and vitamin D rich food choices are being 
consumed on regular basis.
5.2. Methodology
5.2.1. Food frequency questionnaire (FFQ)
Habitual food consumption of the adolescent females was assessed using an 
interviewer-administered FFQ, which was based on the most common food products 
available in the country and usually consumed by the Kuwaiti population. During the 
interview, the girls were asked to recall their usual eating habits and food frequencies 
o f different food items during their semester term. This allowed for a better estimation
79
of their diet because eating and sleeping patterns tend to change during holidays, 
becoming less organized and more difficult to assess.
The interview was a rather better way of filling out the questionnaire to ensure the 
most accurate answers. The selection of items was based on the frequently consumed 
items in Kuwait and the relative importance of the food items to bone health.
A search through the literature was initially carried out to find an appropriate food 
frequency questionnaire that was bone focused as well as one that was suitable for the 
Kuwaiti adolescent females. To our knowledge, there has not been a FFQ specific for 
calcium and vitamin D for adolescents in the Arabian Gulf countries. The best related 
FFQ was found and supplied by Dehghan et al (2005). However, it was unsuitable for 
the use in our study for a number o f reasons. It targeted adults who have a relatively 
steady pattern o f lifestyle, which is not suitable for adolescent females who are often 
on a low calorie diet or between peaks of exams. The portion size in the questionnaire 
was fixed rather than having different common portions. Moreover, it intended to 
measure habitual food intake over a year, whereas, in the case of our girls, it was not a 
good indication for a nutrition status. This is because the lifestyle o f adolescent 
females is affected by many factors ranging from hormonal, psychological due to 
body weight perception, school scores and exams, puberty and the change in the 
preference towards varied foods. In conclusion we felt that much o f the information 
that needed to be gathered would be left out if  we were to use this specific FFQ. 
Therefore, we considered that constructing our own FFQ would be the best tool in 
collecting a wide range of data on this particular aspect. Although our FFQ was not 
previously validated, we believe that its questions cover most o f the bone related 
nutrients.
The purpose of the FFQ was used to assess how often dairy products, meat, 
vegetables, fruits, carbonated and caffeine drinks are consumed by the Kuwaiti 
adolescent girls nowadays. The calcium and vitamin D content o f the dairy products 
were taken from the nutrition facts sheet o f the local dairy products in Kuwait rather 
than from the USD A national nutrient database. The vast majority o f milk and 
sourmilk products contained around 100 mg of calcium and 40 IU of vitamin D in 
each 100 ml o f the drink, whereas, 100 ml of yoghurt contained approximately 137 
mg of calcium and 40 IU of vitamin D. However, the amount o f yoghurt consumed is 
usually less than that of milk, and not all yoghurt products contained vitamin D. Eight
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table spoons o f yoghurt were equal to one cup, and therefore, when adjusting the 
amount usually consumed to the type of food item, this was taken into account. 
Cheese and cream were similarly dealt with. One table spoon of cheese contained, on 
average, around 33.6 mg of calcium.
The FFQ constructed for the summer group (Appendix 4) focused on the frequent 
consumption o f food items without the consideration o f portion size. Thus, how often 
a food item was consumed was the type of data obtained. The FFQ constructed for the 
winter group was a better and larger questionnaire (Appendix 5). Portion size was 
included with each food item, in addition to the exact brand name of the food product. 
Fiber-containing food items, mainly whole cornflakes and whole bread, in addition to 
the amount of water per day consumed were included in the questionnaire to estimate 
their frequency of consumption by the Kuwaiti adolescent girls.
5.3. Results
5.3.1. Description of the habitual food consumption
5.3.1.1. Dairy consumption
Cheese and cream were the most frequently consumable items as almost 50 % o f the 
girls consumed these every day (Figure 5.1, a). Milk, sourmilk and yoghurt were 
consumed daily by less than 23 % o f the girls. O f these three items, milk was 
consumed the most. About 33 % of the girls never consumed sourmilk and 30 % never 
consumed yoghurt. About 7 % of the girls neither consumed milk nor sourmilk, 34 % 
consumed either one less than twice a week, 26 % consumed either one 3-5 times a 
week, and 33 % consumed either one 7 times a week or more.
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5.3.1.2. Eggs & meat consumption
Chicken was the most frequent type of meat consumed. About 27 % of the girls 
consumed chicken on daily basis and 50 % of them consumed it 3-5 times a week 
(Figure 5.1, b).
Only 3 % did not consume chicken at all. Lamb/beef, however, was consumed 3-5 
times a week by 35 % of the girls, whereas 15 % did not consume lamb/beef at all. 
Eggs were consumed by 10 % of the girls everyday, and 35 % of the girls 3-5 times a 
week. Only 12 % did not consume eggs. On the other hand, fish was never consumed 
by 33 % o f the girls even though it is considered one of the rich dietary sources for 
vitamin D. The vast majority of girls consumed at least one type of meat. Only two 
girls were found not to consume any type o f meat (1 %). When combining all meat 
consumption, it was found that 51.5 % of the girls consumed any type o f meat once or 
twice a day. Fifteen percent (15 %) consumed any type of meat less than 3 times a 
week, and 32.6 % consumed meat between 3-6 times a week.
5.3.1.3. Vegetables and fruits consumption
Leafy vegetables were consumed daily by 24 %, and 3-5 times a week by 25 % o f the 
girls (Figure 5.1, c). Fourteen percent (14 %) did not consume leafy vegetables at all, 
and 37 % consumed them once a week or less. Fresh fruits and juices were consumed 
daily by 20 % and 3-5 times a week by 38 % of the girls. Only 5 % consumed no 
fruits at all and 38 % consumed them once a week or less.
5.3.1.4. Carbonated & caffeine consumption
Carbonated drinks were consumed by 45 % of the girls on daily basis, and in many 
cases up to five cans per day (Figure 5.1, d). Only 5 % of the girls had never 
consumed carbonated drinks. The percentage of girls consuming these drinks more 
than 3 times per week exceeded 70 % of the total girls in this study. Coffee was not 
consumed daily except among 11 %. Almost 40 % never consumed coffee at all, even 
though it is a popular drink in the Arabian Gulf. However, the regular consumption of 
tea was found to be more common as almost 30 % of the girls consumed it daily, and 
together with those who consumed it 3-5 times per week, almost 50 % were
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consuming tea with or without milk. Only 23 % never consumed it. Chocolate, on the 
other hand, was daily consumed the most among the 4 items discussed here (50 %). 
Together with those who consumed it 3-5 times per week, chocolate was consumed by 
78 % of the girls.
5.3.2. Differences in habitual food consumption between the summer and winter 
groups.
5.3.2.I. Dairy consumption
The girls of the summer group were found to consume less milk than the winter group. 
Fifteen percent (15 %) o f the summer group, and 30 % of the winter group consumed 
milk daily (Figure 5.2). In addition, more than 25 % of the summer group never 
consumed milk at all compared to less than 8  % of the winter group. However, 39 % 
of the winter group did not drink sourmilk compared to 28 % o f the summer group. 
Moreover, 34% girls of the winter group did not consume yoghurt compared to 28 % 
girls of the summer group. Cheese and cream were consumed more often among a 
larger sample size of the winter group (64 %) compared to the summer group (35 %). 
Since milk and sourmilk products state the same calcium content and they are both 
commonly consumed in similar amounts (ie, by cup), adding their consumption 
together would allow for a better estimation of the dietary calcium obtained by the 
girls. About 39 % o f the winter group consumed either milk or sourmilk or both 
almost daily (> 6  times/week) compared to 28 % of the summer group. Only 3 % o f 
the winter group did not consume milk or sourmilk at all compared to 1 1  % o f the 
summer group. However, rare consumption of these two drinks (2/month-2/week) did 
not differ much between the two groups (30-37 % respectively). Similarly, the 
frequency of 3-5 times a week o f consumption by the summer and winter group was 
24 % and 28 % respectively.
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5.3.2.2. Eggs & meat consumption
The commonest frequency of consuming eggs was 4 times/week among both groups 
(Figure 5.3). Eleven percent (11%) of the girls of both groups never consumed eggs at 
all. Meat consumption did not differ very much between the two groups. The 
commonest type of meat consumed was chicken in both o f the groups. The 
commonest consumption of chicken was on weekly basis as 50 % of the girls o f both 
o f the groups consumed it 3-5 times/week.
Lamb/beef was consumed by the winter group more than the summer group as 25 % 
of the girls in the summer group never consumed lamb/beef compared to only 5 % of 
girls in the winter group. Fish was found to be consumed in a similar frequency 
pattern by the girls of both of the groups with the commonest frequency of 
consumption being once every two weeks. However, 32 % o f the summer group and 
34 % o f the winter group did not consume fish at all.
5.3.2.3. Vegetables and fruits consumption
Leafy vegetable were consumed 3 times or more per week by 50 % of the girls o f the 
winter group compared to 46 % of the girls of the summer group (Figure 5.4). 
However, 67 % o f the summer group consumed fresh fruits 3 time or more per week 
compared to 45 % o f the winter group.
5.3.2.4. Carbonated drinks and caffeine consumption
The girls of the winter group consumed more carbonated drinks compared to those of 
the summer group (Figure 5.5). When using the chi square, the difference was 
significant (p<0.003). Although 15 % of the winter group consumed drinks 3-5 
times/week, compared to 35 % o f the summer group, 55 % of the winter group 
consumed these drinks daily compared to 37 % o f the summer group.
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Fewer girls consumed coffee among the summer group compared to the winter group, 
and more girls consumed tea among the winter group compared to the summer group. 
A daily consumption of chocolate reached 64 % among the winter group compared to 
37 % among the summer group. However, a 3-5 times/week consumption was found 
among a larger percentage of girls of the summer group (36 %) compared to the 
winter group ( 2 0  %).
5.3.3. Habitual consumption of food, including portion size, in the winter group
To estimate the amount of frequently consumed food items hence the intake of 
calcium and vitamin D, data on how often and how much o f a food item was 
necessary to obtain. Accordingly, portion size categories were integrated in the FFQ 
and administered to the winter group. Each food item in the FFQ had 5 different 
portion sizes of which the participant chose the most habitual one.
5.3.3.I. Dairy consumption
The highest frequency of consumption of milk was 1-4 cups per week (51 %), shown 
in Figure 5.6, whereas only 15 % consumed milk 7-14 cups/week. Around 25 % o f the 
girls consumed half a cup or less of sourmilk per week, while 39 % did not consume 
sourmilk at all. Only 9 % o f the girls consumed sourmilk 7-14 cups/week.
Out o f the 93 and 67 girls who consumed milk and sourmilk respectively, the 
commonest portion size at a single time was one cup (ie, 50 % for milk, & 60 % for 
sourmilk) (Figure 5.7). Canned milk was consumed by 24 % o f the girls as opposed to 
fresh & powder milk.
About 34 % o f the girls did not consume yoghurt at all. Among those who did, the 
highest frequency of consumption was found among those consuming half to two 
table-spoons per week (ie, 30 %) (Figure 5.8). Only 18 % consumed between 3 to 6  
table-spoons per week, 19 % consumed more than 7 table-spoons per week. The 
commonest frequency of cheese and cream consumption was 7-14 table-spoons per 
week (45 %) (Figure 5.9). Around 23 % o f the girls consumed more than that, and 
only one girl did not consume cheese or cream.
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Figure 5.6 Consumption frequency of milk and sourmilk by the adolescent 
females per week.
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Figure 5.7 Portion size frequency of the consumption of milk and sourmilk by 
the adolescent girls.
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Figure 5.8 Consumption frequency of yoghurt by the adolescent females.
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Figure 5.9 Consumption frequency of cheese & cream by the adolescent 
females.
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Out o f the 73 girls who consumed yoghurt, the commonest portion size of yoghurt 
consumed was 4 or more table spoons (ie, half cup) (64 %) (Figure 5.10). Out o f the 
109 girls who consumed cheese & cream, the commonest portion size of cheese and 
cream consumed was 1-2 table spoons at any one time (ie, 74 %) (Figure 5.11). The 
highest amount of calcium source was shown to be from milk (Table 5.1), whereas the 
lowest amount o f calcium source was from yoghurt. Cheese and cream came in 
second place.
5.3.3.2. Eggs & meat consumption
Thirty nine percent (39 %) of the girls consumed from half to two eggs per week 
(Figure 5.12), while 14 % o f the girls did not consume eggs at all. Around 50 % of 
the girls consumed only one egg at a time, whereas 43 % consumed two eggs at one 
time. Thirty nine percent (39 %) of the girls consumed 1-45 grams of lamb/beef per 
week, and 31 % consumed 60-140 grams per week (Figure 5.13). Only 5 % were 
found not to consume lamb/beef. Chicken, on the other hand was consumed at a level 
of 240-360 grams per week by 41 % (Figure 5.14), and 33 % consumed between 4- 
161 grams per week. Three % (3 %) did not consumed chicken at all. Fish was 
consumed the least in their food category among the girls as 34 % did not eat fish 
(Figure 5.15). However, 32 % did consume 52-75 grams per week.
Table 5.1. Mean & SD of the dietary calcium intake 
from the consumption of dairy products.
Dairy item Mean SD
Milk 835.5 1390.3
Sourmilk 349.1 650.0
Yoghurt 206.7 383.4
Cheese & cream 586.8 591.0
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Figure 5.10 Portion size frequency of consuming yoghurt at a single time.
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Figure 5.11 Portion size frequency o f consuming cheese & cream at a single 
time.
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Figure 5.14 Consumption frequency of chicken by the adolescent girls of the 
winter group.
H never
G3 4-161 g/w
□  240-360 g/w
□  420-630 g/w
■  1890-22050
g/w
C hicken
□  1 1 -3 0  g /w
□  5 2 -7 5  g /w
□  1 0 5 -1 5 0  g /w  
■  4 2 0 -5 2 0  g /w
Fish
Figure 5.15 Consumption frequency o f fish by the adolescent girls o f the 
winter group.
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5.3.3.3. Vegetables & fruits consumption
Out of the 110 girls, 31 % consumed 1/2 a cup or less per week, 40 % consumed 1-4 
cups a week, and 17 % consumed 7 cups per week or more of leafy vegetables (Figure 
5.16). Most of the girls (45 %) consumed V2-2 . 5  pieces of fresh fruits a week, whereas 
18 % consumed 3-7 pieces, and 25 % consumed 8-14 pieces a week (Figure 5.17).
Among the 96 girls consuming leafy vegetables, 34 % consumed a portion size of lA a 
cup, 29 % consumed lA a cup, and 29 % consumed one cup (Figure 5.18). O f the 104 
girls consuming fresh fruits, 42 % and 44 % consumed 1 and 2 pieces of fruits 
respectively at a single time (Figure 5.19).
5.3.3.4. Carbonated drinks & caffeine consumption
Eighty seven percent (87 %) of the girls consumed tea and 69 % consumed coffee 
(Figure 5.20). Forty percent (40 %) of the girls consumed a quarter to one cup o f tea 
per week, 23 % and 20 % consumed 2-5 cups, and 7-14 cups per week, respectively. 
A quarter to one cup of coffee per week was consumed by 37 % of the girls, and 2 
cups or more were consumed by 2 2  % o f the girls.
The most frequent portion size o f tea and coffee consumed by the girls was one cup 
(41 % of tea & 50 % o f coffee) at a single time (Figure 5.21). Around 6 6  % o f the 
girls consumed tea alone, while 25 % consumed it with canned milk (Figure 5.22). 
Only 8  % consumed it with fresh or powder milk. About 64 % o f the girls consumed 
coffee alone, whereas 30 % consumed it with fresh or powder milk. O f the 76 girls 
consuming coffee, Arabic coffee was consumed by 51 % of the girls, while the 
American coffee was consumed by 37 %. The rest of the girls (12 %) consumed 
French or Turkish coffee.
The majority of girls consumed one pack of chocolate at any one time (61 %) (Figure 
5.23). Nineteen percent (19 %) consumed two packs at one time. When taking into 
account the frequency and amount o f consumption, the results showed that 42 % of 
the girls consumed around 7-14 packs per week indicating a pack or two per day 
(Figure 5.24), while 29 % consumed between 1-4 packs per week. In addition, 22 % 
consumed more than 2 1  packs per week.
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Figure 5.16 Consumption frequency of leafy vegetables among the girls o f the 
winter group.
50
never
□  1/2-2.5 fruit/w
30
□  3-7 fruits/w
20
□  8-14 fruits/w
10
c r ■  16-56 fruits/w
0
Fruits
Figure 5.17 Consumption frequency of fresh fruits by the girls o f the winter 
group.
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Figure 5.18 Portion size frequency of leafy vegetables at a single time.
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Figure 5.19 Portion size frequency of fresh fruits at a single time.
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Figure 5.20 Consumption frequency of tea and coffee per week by the 
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Figure 5.23 Consumption frequency of chocolate by the adolescent Kuwaiti 
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The overall consumption of carbonated drinks by the girls showed that 31 % of the 
girls consumed 7-14 cans a week, while 36%  consumed more than 14 cans a week. 
Around 23 % consumed lA to 2 cans a week (Figure 5.25). The most frequent portion 
size was one can (83 %), while 14 % consumed half a can at a time, and 3 % 
consumed 2 cans a single time (Figure 5.26). Only 6  % did not consume these drinks.
Among the girls who drank carbonated beverages, 72 % consumed caffeinated sodas 
(such as, Pepsi, Coke, Red bull), 15 % consumed clear sodas (ie, 7-up, Sprite, 
Mountain dew), and 7 % consumed coloured sodas such as Shani, Fanta, Miranda.
5.3.3.5. Fibre and w ater consumption
Only 4 % of the girls consumed fibre-containing cornflakes, while the rest either 
consumed the regular cornflakes (38 %), or did not consume cornflakes at all (58 %). 
One cup of cornflakes was the commonest portion size consumed at any one time (74 
%). The rest of the girls consuming cornflakes had either two cups or less than one 
cup.
Moreover, 33 % of the girls did not consume brown bread at all, and only 21 % 
consumed it on daily basis. The commonest type o f brown bread was the local type 
called Iranian bread as 56 % of 110 girls consumed it. The commonest portion size 
consumed was half o f the Iranian bread (40 %).
The consumption of one to two cups of water per day was evident in 23 % of the girls. 
Around 16.5 % consumed 3-4 cups per day, and 10 % consumed 5 cups per day. Only 
3 % of the girls consumed 6-9 cups of water per day. The majority of girls were used 
to drinking tap water (83 %).
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Figure 5.25 Consumption frequency of carbonated drinks by the adolescent girls of 
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Figure 5.26 Portion size frequency of carbonated drinks at a single time.
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5.4. Discussion
5.4.1. Habitual consumption of food among the Kuwaiti adolescent girls
Although genetic factors contribute the most to bone health, diet remains a potential 
factor for achieving a maximum peak bone mass PBM, particularly during 
adolescence (Matkovic et al, 2004). The transition from childhood to adulthood brings 
about global changes resulting in mental, emotional and physiological maturity. Thus, 
adolescents have more control, compared to children, over their eating habits and 
more access to food outside home, experiment more with food choices, and deviate 
from the 3 meal a day eating pattern (Dwyer et al., 2001). This might be a partial 
explanation of the inadequate dietary habits observed among the adolescents (Du et al, 
2002; Venkaiah et al, 2002; Eapen et al, 2006; Affenito et al, 2007). Accordingly, 
their health state has become a matter of concern to the health care authorities in many 
countries (Larson et al, 2006; Affenito et al, 2007).
It has been emphasized that the increased consumption of carbonated drinks has led to 
a decrease in consumption o f milk. Bowman (2002) showed that milk consumption 
decreased with age from 78 % at 12 years to 36 % at 19 years old as carbonated drinks 
increased. The consumption of carbonated drinks has been negatively associated with 
the achievement of calcium, whereas the consumption of milk has been positively 
associated with the achievement of calcium, folate, vitamin B12, vitamin A and 
magnesium (Ballew et al, 2000).
Current research has demonstrated that young female’s intake of calcium is 
significantly below the recommended dietary intake (Kass-Wolff, 2003), and that 
there is a decrease in intakes o f vitamin A, D and C, calcium and magnesium with age 
among 9 to 18 year old American adolescent females (Affenito et al, 2007). Compared 
to the previous decades, milk intakes have decreased by 36 % from the late 1970s to 
the mid 1990s among 12-19 year old females in the USA, whereas that of soda and 
fruit drinks has almost doubled (Bowman, 2002).
The low calcium intake has been shown to negatively affect bone mineral density 
especially during the critical developmental age in adolescence. The high 
consumption of soft drinks, on the other hand, worsens the situation since these drinks
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have been shown to deplete the bones form their calcium content. Our results showed 
that 33 % o f the girls consumed milk/sourmilk daily, whereas 45 % consumed 
carbonated drinks every day reaching up to 5 cans in some cases.
Since the eighties, the Ministry of Education in Kuwait has formally forbidden the 
selling of these drinks during recess in primary and middle schools, but not in high 
schools. Even with this prohibition, carbonated drinks were and are still being 
consumed by students during and after school hours.
The increase in carbonated drinks’ consumption, not only is common in Kuwait, but 
also among neighboring countries. An evaluation of the pattern o f fluid consumption 
in a 12-13 year old Saudi adolescents showed that water provided 37 %, whereas 
carbonated drinks, milk, and tea/coffee provided 25 %, 7 %, and 5 % respectively 
(Bello & Al-Hammad, 2006). The large consumption of carbonated drinks compared 
to milk is alarming and should be faced with a serious strategy to abandon or at least 
decrease the amount consumed among adolescents.
Dairy products are known to be rich in calcium as one cup of milk provides around 
300 mg of calcium. Since the daily recommended value for dietary calcium intake was 
set to be 1300 mg for 9-18 year old adolescents (Institute of medicine, 1997), three to 
five cups of milk a day is the ideal amount of consumption if  no other dietary source 
is being used. Yoghurt was not as common as milk and sourmilk among the girls since 
the majority (76 %) consumed it once a week or less. Cheese and cream, on the other 
hand, were very popular and almost 50 % of the girls had a daily consumption. 
However, compared to milk, the portion size of these food items is relatively small (a 
table spoon as opposed to a cup of milk). Therefore, the girls would need to consume 
a large portion to reach the daily recommended value if they were to depend solely on 
these food items as their calcium source. One table spoon of cheese was calculated to 
contain, on average, 33.6 mg of calcium, whereas one cup of milk provides 
approximately 250-400 mg of calcium. Nevertheless, the winter group showed that the 
girls were in fact consuming a considerable portion of cheese and cream (Table 5.1) 
indicated by their high mean of calcium intake with respect to milk, sourmilk, and 
yoghurt.
The consumption of vegetables and fruits has also been shown to contribute to 
stronger bones (New et al, 2000). The greater intakes of vegetables and fruits have
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been significantly associated with a greater BMD in the long term (Tucker et al, 
1999). Among our girls, leafy vegetables and fresh fruits were consumed daily by 
only 24 % and 20 % respectively, whereas, 54 % & 45 % o f the girls had consumed 
leafy vegetables and fresh fruits once a week or less, respectively. Given these 
percentages, it is therefore unlikely that the intake of vegetables and fruits of the 
adolescent girls in this study would have an effective role on their bone status.
The vast majority of our girls were non-vegetarians. They consumed at least one type 
o f meat. Chicken was the most popular and fish was the least consumed among the 
girls. Fish is considered a very good source of dietary vitamin D, however, the vitamin 
D content of each type o f fish locally eaten in Kuwait is unknown. Nevertheless, meat 
in general was consumed in high amounts as 38 % consumed it as often as > 7 
times/week, and 33 % consumed it 3-6 times/week. There is a general controversy on 
the effect o f high dietary protein consumption on bone health. While some of the 
studies have shown a positive effect on BMD among the elderly (Promislow et al, 
2002; Rapuri et al, 2003) and children & adolescents (Alexy et al, 2005), others have 
shown a negative effect, especially with regards to animal protein (Kerstetter & Allen, 
1990; Weikert et al, 2005). Moreover, the association is widely dependent on other 
factors such as calcium intake and fruits & vegetables intake (Ginty, 2003).
The relatively large portion of meat consumed might be due to, in part, the frequent 
consumption of fast foods. Although it was not measured in the questionnaire, a 
considerable amount of fast food consumption was verbally reported by the girls. The 
consumption of fast foods has increased dramatically among adolescents since the 
gradual increase in fast food restaurants right after the liberation from the Iraqi 
invasion on Kuwait. This has been pointed out by a number o f researchers assessing 
the health and nutrition status of children and adolescents in Kuwait (Al-Mousa & 
Parkash, 2000; Al-Isa, 2004; Al-Ansari et al, 2006).
Another food item widely consumed by adolescents is chocolate. Our results showed 
that 50 % o f the girls consumed it on a daily basis. With respect to portions, 1-4 packs 
of chocolate per week were consumed by 29 %, while 7-14 packs were consumed by 
41 % of the girls of the winter group (n=l 10). It has been emphasized that unhealthy 
snaking and food choices of the adolescents contribute to a number of micronutrient 
deficiencies. A study in the USA found that fast-food intake was negatively associated 
with calcium, dairy, and milk intake of male and female adolescents (Larson et al,
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2006). Al-Shawi (1992) found that Kuwaiti college girls had a diet high in sugar, 
caffeine and slightly high in cholesterol while low in fiber. The prevalence of several 
diseases is rising with the increase of fast food restaurants and the availability of what 
is so called junk food.
The prevalence of anaemia in Kuwaiti adolescent girls was found to be 30 % (Jackson 
& Al-Mousa, 2000). In another study, Al-Mousa et al (2003) found that the dietary 
intake o f important haematinic nutrients is lower in anaemic adolescent females, and 
that the dietary intakes of iron and folate were below the recommended levels in the 
majority of high school girls in Kuwait.
Overweight and obesity have increased over the years among Kuwaiti men and 
women (Al-Isa, 1997), adolescents (Mousa & Parkach, 2000), and among children 
(Al-Isa, 2004). The logical explanation to this is the influence of modernization, 
affluence, increased food consumption and the sedentary lifestyle. Al-Isa (2004) has 
shown that the BMI of 10-14 year old Kuwaiti males & females have exceeded that of 
their American counterparts.
Unhealthy dietary intakes lacking antioxidant and anti-inflammatory micronutrients 
among American adolescents have shown to lower pulmonary function and increase 
respiratory symptoms (Bums et al, 2007).
It is suggested that the consumption of unhealthy foods substitutes the healthy choices 
needed for optimum health, especially in growing individuals. Adolescents tend to 
have a diet rich in carbohydrates while deficient in fiber (Farghaly et al, 2007). A 
similar trend was found among young females in an earlier study (Al-Shawi, 1992). In 
the winter group of our study (n=110), whole cereals were almost neglected (4 % 
compared to 38 % o f those who ate regular/white cereals). Daily consumption of 
whole bread was reported by 21 % of the girls as opposed to 33 % who consumed 
only white bread.
Based on our results, the overall habitual food consumption of the majority o f our 
girls is unlikely to promote strong bones much less a general healthy status. The high 
consumption of chocolate, carbonated drinks, meat, while the relatively low 
consumption of milk, leafy vegetables, fresh fruits and fiber predict a relatively less 
healthier status leading to various disorders in their present and/or future.
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5.4.2. Seasonal impact on dietary choices of food consumption
The winter group were shown to have a better consumption o f milk, cheese & cream 
compared to the summer group. The higher consumption of milk might be due to an 
increased preference towards drinking hot milk to keep warm during winter. Meat 
consumption did not differ between the groups. The slightly higher consumption of 
fruits among the summer group might have been a result o f trying to cool down the 
body temperature during the hot weather. However, the higher consumption of 
carbonated drinks and chocolate by the winter group compared to the summer group 
indicated that the differences between the two groups may largely be due to individual 
preferences rather than a seasonal impact. It is concluded from the preferences of each 
group that the girls o f the winter group show a generally bigger appetite towards 
eating/drinking including unhealthy choices.
Although seasonal variation has been found to influence food choices among 
individuals living in other regions (Kuhnlein et al, 1996), this might not be the case 
with the girls in this study. Further investigation, involving more females, is needed to 
elaborate on the seasonal impact on the diet of the adolescent females.
5.5. Conclusion
The Kuwaiti adolescent females in this study have been shown to practice unhealthy 
food and eating habits. Their milk/ sour milk intake is low given that only 33 % o f the 
girls consumed these daily, whereas 45 % of the girls consumed carbonated drinks 
daily, in some cases up to 5 times. Provided that most o f the milk products in Kuwait 
are fortified with vitamin D 400 IU/L, a considerable number o f girls are missing the 
chance to increase their vitamin D and calcium levels. The situation becomes worse 
with the high consumption of carbonated drinks and the limited consumption of 
vegetables and fruits (24 % and 20 % o f the girls respectively consumed these on 
daily basis).
Although 51 % o f the girls consumed meat daily, fish was consumed only once or 
twice a month among the majority of girls who consumed it (67.4 %). The rare 
consumption of fish, and the low consumption of dairy leads to limiting vitamin D 
availability in the body. This becomes worse when limited sun exposure is very usual. 
Further, the low consumption of dairy and vegetables and fruit limits the
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micronutrients needed for the mineralization of the bone among which calcium is the 
main one o f them. Therefore, it is very likely that the habitual food intake will not 
promote a healthy individual, much less the optimization o f vitamin D and calcium, 
and eventually the bone.
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CHAPTER 6
STATUS, PREDICTORS
AND SEASONAL VARIATION OF
VITAMIN D
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Chapter 6: Status, predictors and seasonal variation of Vitamin D
6.1. Introduction
Vitamin D levels have been found to decrease during winter months in populations 
living in higher latitudes (Gordon et al, 2004). However, there is accumulating 
evidence that this is not only a concern in these populations, but also among those 
living in countries near the equator (El-Hajj Fuleihan et al, 2001; Mishal, 2001). 
Further, populations living in sunny countries have been found to obtain low levels of 
vitamin D throughout the year, and not only during winter (El-Hajj Fuleihan et al, 
2001; Mishal, 2001).
Kuwait is a sunny country that enjoys sunshine throughout the whole year. Despite of 
this availability, vitamin D deficiency has been previously reported (El-Sonbaty & 
Abdul-Ghafar, 1997). In our preliminary work, around 80 % o f our adolescent 
volunteers, who were recruited in the summer, were deficient in vitamin D (Alyahya 
et al, 2006).
Intensive work in the early eighties has been made to quantify the amount o f ultra- 
violet-B (UV-B) radiation in Kuwait, which is required for the activation o f vitamin D 
in the skin. Accordingly, UV-B was found to be available throughout the year (Figure 
6.1), but varies in its intensity between seasons (Kollias et al, 1988, a). The highest 
intensity of UV-B was found around June-July, whereas the lowest intensity was 
found during December-January. In addition, the maximum daily UV-B dose was 
reported to be around noon (11:30-12:00) regardless of the month (Figure 6.2) 
(Kollias et al, 1988, a). In comparison with other latitudes, the UV-B dose available in 
Kuwait was found lower than that available in Northeastern Saudi Arabia, and double 
the dose available in South eastern England (Table 6.1).
Nevertheless, the continuous availability of UV-B radiation in Kuwait provides an 
optimum supply of endogenous vitamin D throughout the entire year. Our 
investigation will lead to a better understanding o f the underlying causes o f vitamin D 
deficiency. Thus, our objectives were:
To determine vitamin D levels among adolescent females.
Il l
Figure 6.1 Plot indicating the trend of UV-B variation in Kuwait throughout the year. 
The UV-B dose was measured on relatively clear days between 11:30 am and 12:00 
noon with polysulphone film detectors from August 1983 to November 1985. Figure 
taken from Kollias et al (1988, a) with their permission.
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Figure 6.2 Plot representing the daily UV-B variation in Kuwait measured by 
polysulphone film detectors. The plot also shows the difference in UV-B dose 
measured on a clear day in February and in May of the year 1985. Figure taken from 
Kollias et al (1988, a) with permission.
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Table 6.1 Average daily UV-B dose (J/cm ) over a month in different latitudes.*
Month
Kuwait 
(Shwaikh) 
(29.5 N)
United 
Kingdom 
(Essex) 
(52 N)
Australia 
(Queensland) 
(17 N)
Saudi Arabia 
(Dhahran) 
(26 N)
August 4.94 2 . 1 2 3.42 6 . 8
September 4.62 1.14 4.86 5.36
October 3.19 0.48 5.51 3.55
November 1.81 0 . 2 5.18 2.75
December 1.09 0.09
—
1.95
January 1.14 0.14
■ —
1.75
February 1.41 0.24
—
2.34
^Reference Kollias & Baqer (1984, a).
(-) not determined.
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To identify the predictors of the vitamin D status.
To assess the seasonal impact on the levels of vitamin D.
6.2. Methodology
A total of 233 females were assessed for their vitamin D status. The questionnaires 
and biochemical analysis are mentioned in Chapter 2. In an attempt to assess the 
socioeconomic impact on vitamin D, the number of individuals living in the same 
room was determined. This information helped in estimating the size o f the house in 
relation to the number o f family members. A less affluent family is likely to have a 
small house with bedrooms shared by more than one or two siblings.
Since vitamin D (25(OH)D) was not normally distributed in this dataset, non- 
parametric tests were applied. Kruskal-Wallis test was used to assess the differences 
in 25(OH)D across groups of the factors influencing vitamin D status. These factors 
were sun exposure duration, skin type, veiling, milk consumption, and room sharing 
(reflecting the socioeconomic status). Where differences were significant, a series of 
Mann-Whitney U tests were performed on each pair of groups to ascertain which ones 
differ from each other significantly. A Bonferroni correction step was then used by 
dividing the significance cutoff of (p=0.05) on the number of repeated observations. 
This was the method which had to be applied as post-hoc analysis for no-parametric 
tests is not currently available on SPSS worldwide. If the difference between a pair of 
groups was then found to be below the new cutoff level, the difference between the 
pair would be significant. For example, with three groups, the (p^O.05) cutoff would 
be divided on 3 resulting in a new cutoff which is (p=0.0166). Thus, if  the difference 
between any pair of groups was equal or lower than this point, the pairs would be 
significantly different. Factors where entered in a stepwise multivariate regression 
model, and the significant predictors were determined; milk intake, veiling and room 
sharing.
Spearman correlation was used to assess the association between serum 25(OH)D and 
serum PTH and adjusted serum calcium. The summer group included girls who were 
recruited in the summer, while the winter group included those who were recruited in 
the winter. Cross tables were constructed and the chi-square test was used to assess 
differences between the summer and winter groups.
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6.3. Results
6.3.1. Vitamin D status & descriptive statistics
The quality control report o f the IDS kit showed that the 25(OH)D values o f the 2 
control sera fell in the normal range tested by the manufacturer.
Total mean 25(OH)D was 21.4 ± 7.39 nmol/L, whereas it was 22.6 ± 8.4 nmol/L in 
the summer group and 20.1 ± 5.8 nmol/L in the winter group (Table 6.2). According 
to Kruskal-Wallis test, the difference between the two groups was significant 
(p=0.031). Total mean PTH was 9.8 ± 13.54 pmol/L, whereas total mean adjusted 
calcium was 2.3 ±0 .11 mmol/L. The summer and winter groups were significantly 
different in adjusted serum calcium (p<0.001), but not in PTH. Age was also 
significantly different between the two groups (p<0.001) as the summer group 
obtained a mean of 15 ± 1. 8  years, and the winter group obtained a mean o f 15.8 ± 1.4 
years. On the other hand, mean BMI was 23.8 ± 5.31 kg/m2  and did not differ between 
the groups.
Among the 233 adolescent girls, 85 % were Kuwaitis, while 15 % were mostly Saudi 
girls who have been living in Kuwait all their lives (Table 6.3). While 35 non-Kuwaiti 
girls participated during the summer, only one girl participated in the winter. More 
girls resided in Asma, Hawalli and Farwania (50.6 %), compared to the other 
govemorates (Table 6.3). This was true for both seasons. Among the total number of 
participants, 37.8 % had their own room, compared to 62 % of girls who shared their 
rooms with one member or more (Table 6.3).
Around 61.4 % of the all girls reported receiving 5 minutes or less o f direct sunshine 
per day (Table 6.4), but more girls in summer (67.5 %) than in winter (54.5 %). More 
girls in winter ( 2 0  %) than in summer (13 %) reported receiving around 15 minutes/ 
day of sunshine, which resulted in 16.3 % o f the total number o f girls. The difference 
in sun exposure between the summer and winter groups was not significant (p=0.12).
The most prevalent skin colour-type was the IV-type (medium tanned skin tone) 
which was present among 48.5 % of the total number o f girls.
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The girls o f the summer group were slightly darker compared to the winter group. 
However, the chi-square test revealed no significant difference (Table 6.4).
Among the differently dressed girls, 20.2 % were fully veiled, 57.5 % were partially 
veiled and 22.3 % were unveiled (Table 6.4). More fully veiled and unveiled females 
belonged to the summer group (24.4 %) compared to the winter group (15.5 %). Yet, 
there were also more unveiled females in the summer group (29.3 %) compared to the 
winter group (14.5 %). The partially veiled females comprised the majority o f girls, 
especially in the winter (70 %) (Table 6.4). The difference in percentage of groups 
among the summer and winter groups was significant (p=0.001).
Further, the consumption of milk was less than once a week in 31.3 % o f the girls 
(Table 6.4). However, the girls in the winter group had a greater consumption 
compared to the girls in the summer group. Around 54.5 % o f the girls in winter 
consumed milk more than 3 times per week compared to 35.8 % o f the girls in the 
summer. Fewer girls (20 %) in the winter consumed less than one time per week of 
milk compared to 41.5 % of the girls in summer. The difference in milk consumption 
between the summer and winter groups was significant (p=0.001).
6.3.2. Factors influencing vitamin D status in the Kuwaiti adolescent girls
There was no significant association between 25(OH)D and weight, or between 
25(OH)D and age using Spearman correlation test.
6.3.2.I. Socioeconomic factors
Mean 25(OH)D of the Kuwaiti girls was 21.3 nmol/L and that of the non-Kuwaiti 
girls was 22 nmol/L (Table 6.5). The difference between the Kuwaitis and non- 
Kuwaiti girls was not significant (p=0.869). There was also no significant difference 
(p=0.091), in total, in mean 25(OH)D between girls living in different govemorates. 
Mean 25(OH)D obtained by girls living in Asma, Hawaii, and Farwania was 22.4 
nmol/L, whereas that of Mubarak Al-kabir & Ahmedi was 19.4 nmol/L, and that of 
Jahara was 21.2 nmol/L (Table 6.5). However, a significant difference (p=0.009) was 
found between girls residing in different govemorates among the summer group.
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On the other hand, mean 25(OH)D was lower among the girls who shared their room 
with other members (20.3 nmol/L) compared to 23.3 nmol/L of those who had their 
private room. The difference was significant among the total number of girls 
(p=0.002) and in the summer group (p=0.01), but not in the winter group (p=0.177) 
(Table 6.5).
6.3.2.2. Sun exposure and skin colour-type
Mean 25(OH)D among the girls who were exposed to up to 5 minutes per day of 
direct sunshine was 21.2 nmol/L (Table 6 .6 ). This did not differ significantly from 
those who were exposed to 15 minutes per day (21.9 nmol/L) or 30 minutes or more 
per day (21.4 nmol/L) (Table 6 .6 ).
Further, there was no significant difference among the differently skin coloured girls 
in the total number of girls (Table 6 .6 ). However, the girls of the summer group only 
showed a significant difference, as those girls having the lightest skin (ie, II & III) 
obtained a mean 25(OH)D of 22.5 nmol/L, whereas those having the darkest skin (ie, 
V & VI) obtained a mean of 27.4 nmol/L.
In an attempt to explain the higher 25(OH)D mean among the darker skinned girls 
compared to the lighter ones, a cross table was constructed with this predictor and 
each of the sun exposure duration, veiling and milk consumption (Table 6.7). 
Accordingly, the darker girls (ie, V & VI) had been exposed to slightly more minutes 
in sunshine compared to the whiter girls (ie, II & III). Almost 16 % of the dark girls 
had exposure up to 30 min/day compared to 13.4 % o f the whiter girls (ie, II & III). 
Also, less dark girls (55.3 %) had been exposed to minimal exposure (up to 5 min/ 
day) compared to more o f the white girls (63.4 %).
Further, when assessing the mode of dress among the different skin coloured girls 
(Table 6.7), the chi-square test revealed a significant difference (p=0.034). Fewer dark 
girls (ie, V & VI) were fully veiled (10.5 %) and partially veiled (50 %) compared to 
the white girls and the medium tanned girls (Table 6.7). In fact, more o f the dark girls 
were unveiled (39.5 %) compared to the white girls (23 %) and the medium tanned 
girls (15.9 %).
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There was no significant difference between the dark, medium tanned and white girls 
in their consumption of milk (p=0.86) (Table 6.7). The three groups consumed milk in 
a similar manner.
6.3.2.3. Veiling
Mean 25(OH)D in the fully veiled, partially veiled, and unveiled girls was 22.27 ± 
8.49, 20.06 ± 5.91, and 24.13 ± 8.89 nmol/L, respectively (Table 6 .8 ). Among 
seasons, mean & SD of 25(OH)D of the three differently dressed girls decreased in 
winter, with the unveiled girls demonstrating the greatest difference between the two 
seasons (Table 6 .8 ). Among the total number o f girls, the difference in 25(OH)D 
between the three groups was significant (p=0.016). Significance was also obtained in 
the summer group (p=0.01% but not the winter group (p^O.506). In addition, the 
partially veiled girls obtained the least mean in the summer and winter (20.6 & 19.7 
nmol/L respectively). However, the greatest mean was obtained by the unveiled girls 
in summer (25.9 nmol/L) and the fully veiled girls in winter (22 nmol/L) (Table 6 .8 )
When readjusting the girls into veiled and unveiled groups, mean 25(OH)D of the 
veiled girls was 20.6 ± 6.7 in the total number of girls (Table 6.9). The unveiled girls 
obtained a higher mean compared to the veiled girls in summer and in the total 
number. However, the veiled and unveiled girls obtained the same mean 25(OH)D in 
winter (20.1 nmol/L) (Table 6.9).
Levels below 20 nmol/L of 25(OH)D were obtained by 56 % of the veiled girls, 
including fully and partially veiled, compared to 40 % of the unveiled girls (Table 
6.10). Whereas only 7 % of the veiled girls obtained levels o f 25(OH)D above 30 
nmol/L compared to 25 % o f the unveiled girls. The partially veiled girls were the 
least to have 25(OH)D levels above 30 nmol/L (4 %) (Table 6.10). Most o f the 
25(OH)D levels fell below 20 nmol/L for all the differently dressed girls and across 
the seasons, however, the unveiled girls were the least to have 25(OH)D levels below 
20 nmol/L (33 %) in summer.
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To justify the greater mean 25(OH)D of the fully veiled girls, a cross table was 
constructed (Table 6.11). From the table, the fully veiled girls were the least to have 
exposed to sufficient sunshine. Among the fully veiled girls, 74.5 % were exposed for 
up to 5 min/ day, 14.9 % were exposed for 15 min/day, and 10.6 % were exposed for 
up to 30 min/day. The partially veiled girls were generally exposed to greater sunshine 
compared to the fully veiled. Around 61 % of the partially veiled girls were exposed 
to sunshine for up to 5 min/ day, 22.4 % were exposed for 15 min/ day, and 16.4 % 
were exposed for up 30 min/  day. Finally, the unveiled girls had the greatest sun 
exposure as 50 % were exposed for up to 5 min/day, 28.8 % were exposed for 15 min/ 
day, and 21.2 % were exposed for up to 30 min/ day (Table 6.11).
Further, only 8.5 % o f the fully veiled girls had dark skin compared to 14.2 % o f the 
partially veiled girls and 28.8 % of the unveiled girls. Moreover, the fully veiled girls 
were the least to consume milk > 3 times/ week (34 %) compared to 47 % and 48.1 % 
of the partially veiled and the unveiled girls, respectively (Table 6.11).
6.3.2.4. Effect of food intake on vitamin D status
A significant difference in 25(OH)D concentration among different frequencies of 
milk consumption was evident in the total sample number (p=0.015), in the summer 
group (p=0.038) and in the winter group (p=0.021) (Table 6.12). Mean 25(OH)D was
22.7 nmol/L among girls who consumed more than 3 times/ week, compared to 19.7 
nmol/L o f those who consumed milk less than once a week.
No significant difference in 25(OH)D was found between different consumption of 
other dairy products, eggs, or fish (Table 6.13). However, there was significant 
difference in combined milk and sour milk consumption only among the winter group 
(p=0.017). Also there was a trend in significance (p=0.06) between different 
carbonated drinks consumption (Table 6.13).
When combining the frequency and portion of consumption of different food items 
among the winter group (n=l 1 0 ), again, milk was found the only positively correlated 
item with vitamin D (r=0.345, p<0.0001). All of the other dairy products (ie, sour 
milk, cheese and cream) were not significantly correlated with vitamin D.
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Table 6.13 Significant levels (p-value) of 25(OH)D status according to consumption of key 
food items using the Kruskal-Wallis test.
Food consumption Summer group (n=123)
Winter group 
(n=1 1 0 )
Total
(n=233)
Milk* 0.038 0 . 0 2 1 0.015
Sourmilk 0.640 0.860 0.922
Milk & Sourmilk 0.960 0.017 0.516
Cheese & cream 0.417 0.205 0.364
Fish 0.900 0.400 0.960
Carbonated drinks 0.071 0.457 0.060
* The only food item showing significant differences in 25(OH)D levels across different frequencies 
o f  its consumption.
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Based on the previous analysis of the influencing factors, the significant predictors 
were; veiling (veiled/ unveiled), milk intake, and room sharing (Table 6.14). The 
multiple regression analysis showed that room sharing, milk intake, and veiling 
contributed to 3.6 %, 2.5 % and 2 % o f the variation in vitamin D levels among the 
total number o f girls. Whereas milk intake and veiling were found to be the predictors 
of vitamin D in the summer group, milk intake and room sharing were found to be the 
predictors in the winter group (Table 6 . 14).
6.3.3. The association between serum 25(OH)D and each of serum PTH and 
adjusted serum calcium levels
The negative association between serum 25(OH)D and serum PTH was evident by the 
correlation coefficient (r=-0.476, p<0.0001) (Figure 6.3). The association in winter 
(r=-0.509, p<0.0001) was greater than in summer (r=-0.48, p<0.0001). When 
dividing 25(OH)D values into <20 nmol/L, 20-29.9 nmol/L, and >30 nmol/L groups, 
we found that the highest PTH mean was obtained by the lowest level of 25(OH)D 
(13.4 ± 17.72 pmol/L), whereas the lowest mean of PTH was obtained by the highest 
level of 25(OH)D (5.6 ± 2.49 pmol/L) (Table 6.15). The difference in PTH means was 
highly significant (p<0.0001) across the 25(OH)D levels in the total sample group and 
in both seasons (Table 6.15).
The positive association between serum 25(OH)D and adjusted serum calcium was 
evident by the correlation coefficient (r=0.22, p=0.001) (Figure 6.4). The association 
in winter {r=0.329, p<0.0001) was slightly greater than in summer (r=0.305, 
p=0.001). When dividing 25(OH)D values into <20 nmol/L, 20-29.9 nmol/L, and >30 
nmol/L groups, we found that the highest mean of adjusted serum calcium was 
obtained by the middle level of 25(OH)D (2.33 ± 0.09 mmol/L), and the lowest mean 
adjusted serum calcium was obtained by the lowest level o f 25(OH)D (2.27 ±0 .13  
mmol/L) (Table 6.15). This was found in the total sample group and in the summer 
group but not in the winter group. The difference in adjusted serum calcium was 
highly significant (p<0.001) in the total and in both season groups between those who 
obtained 25(OH)D levels below 20 nmol/L and levels between 20-30 nmol/L (Table 
6.15).
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Table 6.14 Multiple regression models for significant vitamin D predictors.
Predictor Adjusted R 2 * p-value
Standardized
coefficientsp p-value
Summer group: 0.091 0.001
Milk intake 0 . 2 0 2 0.022
Veiling** 0.235 0.008
Winter group: 0.065 0.01
Milk intake 0.203 0.031
Room sharing -0.187 0.046
Total: 0.081 <0.0001
Milk intake 0.166 0.009
Veiling** 0.157 0.015
Room sharing -0.168 0.01
* Stepw ise linear regression analysis.
**V eiling represents veiled  and unveiled fem ales.
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Figure 6.3 Scatter plot illustrating the association between 25(OH)D and PTH 
(n=233).
r= 0.22
p = 0 . 0 0 1
o
Ec
Q
XO
S"CN
Oq
OO RO
o ° o
1.75 2.00 2.25 2.50
Adjusted Calcium (mmol/L)
Figure 6.4 Scatter plot illustrating the association between 25(OH)D and adjusted 
serum calcium (n=233).
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6.4. Discussion
6.4.1. Vitamin D deficiency among the adolescent females
Despite ample sunshine in Kuwait, the prevalence o f vitamin D deficiency (<30 
nmol/L) among our adolescent females was 84.6 % in summer and 94.5 % in winter. 
In fact, extremely low levels o f 25(OH)D (<20 nmol/L) were found in 50.4 % and
55.5 % o f the summer and winter groups, respectively. It is very likely that the 
prevalence represents the whole population in Kuwait because the girls were invited to 
participate from more than 15 different schools from all around Kuwait.
In comparison, vitamin D deficiency among the Kuwaiti adolescent girls was found 
similar to that o f 12-15 years old Saudi girls (n=433), as 81 % had levels less than 25 
nmol/L, and 40 % had levels less than 12.5 nmol/L during the period October- 
February (Siddiqui & Kamfar, 2007). However, our mean 25(OH)D (20.1 nmol/L in 
winter & 22.6 nmol/L in summer) was found lower than that o f 10-16 years old 
Lebanese girls who obtained 37.35 ± 19.92 nmol/L at the end of winter and 47.31 ± 
17.43 nmol/L at the end o f summer (El-Hajj Fuleihan et al, 2001). Among Iranian 
adolescent girls (11-15 y), serum 25(OH)D deficiency <25 nmol/L was evident among 
15 % of the total number of participants (n=414) (Dahifar et al, 2007).
In comparison with the American counterparts (12-18 y), only 17 % were found to 
have levels <27 nmol/L, including white and black females during April 2000-October 
2002. Their total mean 25(OH)D was 53.7 ± 29.0 nmol/L (Harkness & Cromer, 2005, 
b). Moreover, 32 % o f Finnish adolescent girls (n= 193, 10-12 y) had levels <25 
nmol/L (Cheng et al, 2003).
Based on the literature, the Kuwaiti females have obtained 25(OH)D levels similar to 
the Saudi females, but lower than that obtained by the Lebanese, Iranian, Finnish and 
American adolescent females.
The Kuwaiti population has an indoor lifestyle. They live in big houses that 
accommodate all what they need, and transport by private cars. Parking lots are 
usually found in buildings or near the main entrance. Shops and restaurants are located 
in big covered, air-conditioned buildings. In addition, people tend to avoid leaving the 
house during peak hot-sunny hours, further reducing their exposure to the sun.
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Vitamin D deficiency is, therefore, expected to occur in the Kuwaiti population, 
especially with the lack o f awareness of the importance of vitamin D.
Besides the lack of awareness, there are a number of factors contributing to vitamin D 
deficiency and are considered as significant predictors. These will be discussed in the 
next subtitle.
6.4.2. Factors influencing vitamin D status
6.4.2.1. Demographic & Socioeconomic impact on vitamin D
The socioeconomic status and location of residence have been found to contribute to 
vitamin D status in several studies. El-Hajj Fuleihan et al (2001) has shown that the 
socioeconomic status was a significant predictor o f vitamin D levels among Lebanese 
school children (10-16 y) in both seasons. Higher class students obtained 53.5 ± 16.25 
& 57.5 ± 14.25 nmol/L in spring and in fall respectively, compared to 29.5 ± 15.25 & 
49.75 ± 19.75 nmol/L among the middle class students. This was also true for 
Lebanese adults, as 25(OH)D levels were lower among women living in rural areas 
(16.6 ± 10.6 nmol/L) versus women living in urban areas (21.37 ± 17 nmol/L) 
(Gannage-Yared et al, 2000). The authors of the latter study, however, pointed out that 
women of the urban areas consumed more vitamin D-fortified milk than did those 
living in rural areas, which might have been the reason for the difference in 25(OH)D 
levels.
Further, Saudi females have also experienced the socioeconomic effect on vitamin D 
levels. Although deficient in 25(OH)D, Serenius et al (1984) had shown that 25(OH)D 
concentrations differed significantly between the upper and medium & lower 
socioeconomic groups of the mothers in his study. In the latter two groups, 25(OH)D 
concentrations were extremely low (13.75 & 12.0 nmol/L respectively) compared to
17.5 nmol/L o f the upper class mothers.
In our study however, all o f the adolescent females lived in urban areas, which are 
called govemorates. These govemorates are relatively equal in providing high-quality 
services, which range from supermarkets & shops to pharmacies and hospitals within 
a short distance and a cheap price available to everyone.
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On the other hand, many o f the girls were bedwins who usually exhibit slightly more 
conservative traditions. Bedwin females are usually restricted not to leave the house as 
often and to cover up completely by a veil during outdoors. Although bedwins reside 
in all o f the govemorates in Kuwait, Jahara, Ahmedi and most of Mubarak Al-Kabir 
are known for their bedwin constituent. This might partially explain why these 
govemorates obtained a lower vitamin D mean compared to the group of govemorates 
(Asma, Hawaii, Farwania) which lead to a significant difference in summer between 
this group and the group of Mubarak-Al-Kabir & Ahmedi govemorates (Table 6.5).
Mean 25(OH)D was significantly greater in females having their private room (23.3 ± 
8.3 nmol/L) compared to those sharing their room with others (20.3 % ± 6 . 6  nmol/L). 
The means were significantly different in summer, but not in winter. The significance 
sustained in the total sample group as well (Table 6.5). As a results, room sharing was 
entered into the regression model and was found to be a significant predictor of 
vitamin D in winter which added up to be significant in the overall sample group. The 
significant effect o f room sharing in winter (3.6 %) but not in summer might be 
explained by the increased variation in affluence of the girls recruited in winter 
compared to those recmited in summer. The girls of the winter group were recruited 
from a larger number o f schools.
Most of the girls who had their own room, were resident in Asma, Hawalli and 
Farwania (70.5 %), whereas only 8  % lived in Jahara, and the rest in Mubarak Al- 
Kabir and Ahmedi (21.6 %). Asma is known for its affluence compared to the other 
govemorates, which might explain why 46.6 % o f the girls living in this govemorate 
alone had their own room compared to less than 15 % of the girls residing in each of 
the other govemorates. This might partially be the reason for having a relatively 
higher mean 25(OH)D found in the summer and in the overall sample. A more 
affluent family would likely own a big house with a private backyard suitable for the 
exposure of veiled females to the sun, and ultimately offering a relatively greater 
opportunity for obtaining an optimum vitamin D status.
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6.4.2.2. Sun exposure and skin colour type impact
The sun exposure assessment was unable to explain the variation in vitamin D (Table 
6 .6 ) and we feel that this assessment has been subject to overestimation of the actual 
time spent out in the sun, especially in the summer group..
Assessing sun exposure duration is not an easy task. That is why the determination of 
dress type is almost always included in vitamin D studies (Okonofua et al, 1986; 
Glerup et al, 2000; Mishal, 2001), because it is a lifetime habit and does not vary from 
day to day, and thus, it is an accurate measure o f sun exposure quantity.
Among the total sample (n=233), 13 % o f the girls in summer and 20 % of the girls in 
winter had obtained up to 30 minI day o f sunlight exposure (Table 6.4). Given the 
extremely high temperature in summer in Kuwait and the cool/ cold sunny weather in 
winter, we expected less exposure in summer, but more exposure in winter. Therefore, 
further investigation is needed to accurately determine the average amount o f daily 
sun exposure among the Kuwaiti adolescent females.
Based on our results, however, sun exposure among our girls is considered much less 
than that of the Lebanese adolescent girls (El-Hajj Fuleihan et al, 2001). Mean sun 
exposure minutes/day among the Lebanese girls was 48 ± 44 min/ day at the end of 
winter and 75 ± 67 min/ day at the end of summer. Yet, sun exposure duration in that 
study was not a significant predictor of vitamin D status.
On the other hand, Tangpricha et al (2004) found that those who used tanning beds at 
least once a week had serum 25(OH)D levels 90 % greater than those who did not 
(115.5 ± 8.0 nmol/L and 60.3 ± 3 . 0  nmol/L respectively). Also, Saudi adolescent 
females diagnosed with vitamin D rickets were compared with healthy controls and 
were found exposed to significantly less sunshine (p<0.001) (Narchi, 2000). However, 
the number of subjects was low (patients=14, controls= 1 0 ) and the estimation of sun 
exposure time was not very precise (ie, less than 60 min/day among patients versus 
more than 60 min/day among controls).
The type o f house is expected to play a major role in the amount o f sunshine available 
to the females in Kuwait. Housing in Kuwait has changed dramatically from the past. 
In the past, old Kuwaiti mud houses were designed to have open ground in the middle 
of the house with the rooms surrounding it. The design allowed for women to freely 
and frequently be exposed to direct sunshine. Nowadays, houses are designed in a
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modernized fashion with limited open space. Most families live in houses without an 
open backyard, and many more live in apartments. Only big houses would have the 
convenience of bearing a private sun-exposed area. Schools, therefore, might be one 
of the fewest places for spontaneous sun exposure among student females as they are 
designed to have an open ground for the daily school morning assembly.
The other effective factor contributing to vitamin D variation is the skin colour. In the 
present study, the medium tanned skin girls were more prevalent (48.5 %) compared 
to the white skin (35.2 %) and the dark skin girls (16.3 %) (Table 6.4). Surprisingly, 
the darker girls obtained the greatest vitamin D mean (Table 6 .6 ). However, this was 
only in summer.
In the light of the literature, darker individuals require longer periods under the sun, 
compared to the whites, to obtain optimum vitamin D levels (Looker et al, 2002). This 
is because the melanin content of the skin provides partial protection from UV-B 
(Kollias & Baqer, 1984, b & 1988, b). In the American population, black people of 
different ages and o f both genders obtain significantly lower serum 25(OH)D levels 
compared to their white counterparts (Looker et al, 2002).
The fact that the darker girls had higher levels of vitamin D might be explained by 
other interacting factors which also influenced vitamin D levels. For example, the 
darker girls were found to obtain slightly more minutes in the sun (Table 6.7), and
39.5 % o f them were unveiled, compared to 23 % & 16 % of the white and medium 
tanned girls respectively.
Overall, the skin colour of the girls was unable to significantly contribute to the 
variation in vitamin D status.
6.4.2.3. Im pact of veiling
Several studies have shown that the code of dress might be the underlying cause for 
vitamin D deficiency among veiled females because it eliminates the area o f skin 
exposed to the sun, which ultimately decreases the chance o f obtaining endogenous 
vitamin D. These studies have shown a significant difference in vitamin D levels 
between veiled and unveiled females (Okonofua et al, 1986; El-Sonbaty & Abdul- 
Ghaffar, 1996; Gannage-Yared et al, 2000).
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In our study (n=233), the unveiled girls obtained a mean 25(OH)D o f 24.1 ± 8.9 
nmol/L, whereas the veiled girls (fully and partially veiled) obtained a mean of 20.6 ±
6.7 nmol/L, which was significantly different (p^O.Ol) (Table 6.9). However, the fully 
veiled girls obtained a higher mean than the partially veiled girls in both seasons and 
in the total sample group (Table 6 .8 ). In fact, the fully veiled girls had the highest 
mean among the winter group. The partially veiled girls, on the other hand, obtained 
the lowest mean in both seasons and in the total sample group (Table 6 .8 ). Mann- 
Whitney U test for pairs of groups of differently dressed girls revealed that the 
significant difference was always between the unveiled and the partially veiled girls 
(Table 6 .8 ). The p-value of the test was adjusted by the Bonferroni correction.
Mishal (2001) investigated three groups of differently dressed females, and found that 
the fully veiled, partially veiled and unveiled females obtained a gradually increasing 
25(OH)D mean (ie, 24.3 ± 5.8, 28.3 ± 4.5, and 36.7 ± 6 . 1  nmol/L in the summer 
respectively and 22.7 ± 3.0, 24.4 ± 3.9, and 30.9 ± 4.6 nmol/L in the winter 
respectively). It is not fully understood why our fully veiled girls did not obtain the 
least mean, especially that they spent fewer minutes exposed to the sun, and consumed 
less milk compared to the other two groups (Table 6.11). However, they were 
relatively whiter than the girls in the other two groups.
Clothing generally prevents vitamin D production. Fabrics such as cotton, wool and 
polyester have been reported to prevent the activation of vitamin D in vitro with up to 
40 minutes of simulated sunlight (Matsuoka et al, 1992). With the tremendous amount 
of sun radiation in the Middle East, it is believed that complete clothing is the reason 
for the reduced incidence of sun-burning and skin cancer in Saudi Arabia (Hannan et 
al, 1984).
The determination of the mode of dress was found to be an easy and accurate way of 
measuring sun exposure. This is because veiling is a lifetime habit and does not 
change from day to day. However, veiled females do not necessarily lack the 
opportunity to be exposed to the sun. Many veiled females spend their time out in the 
houses’ backyard, school and in open places restricted for females only.
Given that veiling (veiled/ unveiled), in our study, contributed to 2 % of the vitamin D 
variation among the adolescent girls (n=233) (Table 6.14), illustrates the significant 
impact of veiling. However, the lack o f this impact in the winter group, with the fully
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veiled girls having the highest mean 25(OH)D and the unveiled girls having the 
lowest mean 25(OH)D, indicates that veiling might not be a general predictor of 
vitamin D in the Kuwaiti adolescent girls. Clearly, there are other underlying causes 
for vitamin D deficiency which might be as important as veiling in their contribution 
to vitamin D deficiency.
6.4.2.4. Im pact of food consumption
Fortunately, most, if  not all milk brands are fortified with vitamin D in Kuwait, which 
has positively contributed to higher levels of serum 25(OH)D exhibited among the 
girls who consumed more milk (Table 6.12). Mean 25(OH)D increased from 19.7 ±
6.5 nmol/L among those who consumed milk <1 time/ week to 22.7 ± 8 . 6  nmol/L 
among those who consumed milk >3 times/ week.
Milk was consumed >3 times/ week among only 44.6 % of the girls, whereas 31.3% 
consumed milk less than once a week. Compared to the Saudis, our girls were found 
to consume slightly less milk, as 52 % o f the Saudi intermediate grade girls (n=118, 
mean age= 13.7 ± 1.1 y), and 24.1 % of the secondary grade girls (n=29, mean 
age=16.6 ± 1.1 y) consumed it daily (Farghaly et al, 2007).
Clearly, the low consumption of milk among the girls was one o f the main causes of 
vitamin D deficiency, since milk consumption contributed to 2.5 % o f the variation in 
vitamin D among the total sample group (Table 6.14), and was the only constant 
predictor occurring in both seasons.
No other food item was found to predict the variation in vitamin D. Although fish is 
rich in vitamin D, its contribution to optimum levels was not evident in our study 
group, possibly because fish is not consumed very often (Table 6.13).
Fortified milk is a rich source of dietary vitamin D, since it contains 400 IU vitamin D 
per liter. Women who decreased their milk intake were found to have significantly 
lower vitamin D intake (Mannion et al, 2006). In another study by Kinyamu et al 
(1998), milk intake accounted for 51 % of the vitamin D intake in women not taking 
supplements. Thus, the significant contribution o f fortified milk to optimum serum 
25(OH)D levels is expected since it is a rich source that is commonly consumed.
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The significant and positive contribution of milk intake to serum 25(OH)D levels 
indicates that the fortification of milk with vitamin D has successfully reached goals, 
and encourages further fortification programs in the population to prevent vitamin D 
deficiency.
6.4.3. Seasonal vitamin D variation
The literature has previously shown that vitamin D levels fall dramatically in winter. 
Lehtonen-Veromaa et al (1999) found that Finnish adolescents (n=60) obtained a 
mean serum 25(OH)D of 63 nmol/L in the summer while obtaining 34 nmol/L in the 
winter. Guillemant et al (2001) also found that French adolescents (n=49) obtained a 
mean of 71 nmol/L in the summer and 21 nmol/L in the winter. Among elderly 
women in the USA (n=251), seasonal variation significantly decreased serum 
25(OH)D from 85.6 ± 5.12 nmol/L in the summer to 68.4 ± 6.74 nmol/L in the winter 
(Rapuri et al, 2002).
Our study has demonstrated the same trend. However, the difference in mean serum 
25(OH)D between the two seasons was not significant. Further, hyperparathyroidism 
secondary to vitamin D deficiency/insufficiency, which was evident in both seasons 
(Table 6.2), did not differ significantly between the summer and winter groups 
(p=0.475). Adjusted serum calcium also did not differ significantly between the 
summer and winter groups (p=0.475). Given that the effect o f season on vitamin D in 
the adolescent girls in this study was weak, it is unlikely that the season in Kuwait in 
general contributes to the variation in vitamin D among the population, particularly 
among females.
The greatest difference in 25(OH)D means between seasons occurred among the 
unveiled girls. This is because they tend to expose more area (ie, arms & legs) during 
the summer while covering up during winter to keep insulated, thus, resembling the 
veiled girls in this matter. Perhaps for this reason, the unveiled girls obtained a similar 
mean to the veiled groups in winter, whereas obtaining a relatively higher mean in 
summer. This also might be why veiling was a significant predictor in summer, but 
not in winter.
Despite the variation in UV-B intensity between seasons (Kollias et al, 1988, a), the 
difference in 25(OH)D means of the fully veiled and partially veiled females was not
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so great, and only slightly decreased from summer to winter. It is worth noting that the 
seasonal impact on vitamin D does not indicate UV-B variation alone, but also 
includes the variation in lifestyle occurring in each season.
While the intensity o f UV-B increases in summer, less exposure to the outdoors 
occurs at the same time. The summer is very hot and sunny, and therefore, people 
avoid it as much as possible, especially during peak hours. As the weather becomes 
cooler, people tend to increase their outdoor activities. Family camps in the desert are 
a very popular tradition taking place in winter, and the enjoyment of the weather in 
open restaurants, or in the house’s backyard increases tremendously.
Although it was expected to see a greater serum 25(OH)D in winter than in summer 
due to an overall increased sun exposure in winter, the weather remains relatively cold 
and people tend to wear heavy clothing which covers their entire body.
Among the eating habits of the Kuwaiti population in winter, hot milk consumption is 
very popular. Our girls showed increased milk consumption in winter (Table 6.4), 
which was more likely substituted by cold drinks in summer. However, the increased 
consumption of milk was unable to raise serum 25(OH)D to optimum levels. This 
means that milk intake alone, in the light of the current fortification and the frequency 
of consumption, might be unable to prevent vitamin D deficiency when UV-B 
intensity is low during winter. On the other hand, the relatively smaller difference in 
mean serum 25(OH)D between the two seasons might have possibly be due to the 
increased intake of milk in the winter group.
Nevertheless, the fact that most of the girls were deficient in 25(OH)D, mostly having 
levels below 20 nmol/L, and regardless of their group, made it very difficult to assess 
the seasonal variation in vitamin D levels. Further investigation is needed.
6.4.4. Vitamin D and PTH association
The inverse association between serum 25(OH)D and serum PTH (Figure 6.3) has 
been previously reported (Sahota et al, 1999; Tangpricha et al, 2002; Arabi et al, 
2006). Mean PTH was significantly higher among those who obtained less than 20 
nmol/L o f 25(OH)D than those who obtained more than 20 nmol/L, especially in the 
summer and total group (Table 6.15).
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Mean PTH of those who obtained less than 20 nmol/L was above the normal range (1- 
7.2 pmol/L), while those who obtained more than 20 nmol/L of 25(OH)D had a mean 
within the normal range. This was true for both seasons and for the total sample group 
(Table 6.5).
In the total sample group, serum PTH was elevated (>7.2 pmol/L) in 7 out o f 25 girls 
(28 %) obtaining >30 nmol/L of serum 25(OH)D (data not shown). Heaney (2004) has 
shown that an elevated PTH level is very common with vitamin D levels below 70 
nmol/L. Further, elevated serum PTH (>7.2 pmol/L) did not always correspond to 
lower levels of serum 25(OH)D (<30 nmol/L). In fact, 39.8 % and 46.6 % o f the girls 
obtaining <20 nmol/L and between 20-30 nmol/L of 25(OH)D respectively had serum 
PTH levels within the normal range (<7.2 pmol/L). A low vitamin D status (25(OH)D 
<30 nmol/L) accompanied with a blunted PTH response (PTH within normal range) 
has been previously documented in postmenopausal women (mean age=71.2 years) 
(Sahota et al, 2004). Whether the situation with our adolescent girls is the same, 
remains unclear and needs further research. There is a possibility that these girls, 
whether having normal PTH and lower 25(OH)D, or normal 25(OH)D and elevated 
PTH, might have been in the process of a decline in vitamin D or a recovery from an 
extreme vitamin D deficient status.
Because PTH has been shown to be the principal determinant o f bone remodeling 
(Heaney, 2004), elevated PTH levels indicate a physiological response to calcium 
insufficiency, whether due to calcium or vitamin D deficiency. An interesting study by 
Kinyamu et al (1998) suggested that an adequate intake of vitamin D played a more 
significant role than did calcium intake (100-1700 mg/d) in suppressing secondary 
hyperparathyroidism within the calcium intake range. This conclusion was based on 
the fact that serum PTH was inversely correlated with calcium intake derived from 
milk (r= - 0.35, p<0.001) but not with non-milk calcium intake. In addition, serum 
25(OH)D was found to be the main determinant of serum PTH concentrations in the 
study sample (elderly women, n=376, age 65-77 y).
In conclusion, an elevated PTH level along with serum 25(OH)D below ~ 80 nmol/L 
reflects an impaired absorption of dietary calcium (Heaney, 2005).
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6.4.5. Vitamin D impact on calcium levels
A significantly positive association between serum 25(OH)D and adjusted serum 
calcium in our study was shown in Figure 6.4. Although mean adjusted serum calcium 
was the lowest among 25(OH)D levels below 20 nmol/L, it was not always the highest 
among those who obtained 25(OH)D levels above 30 nmol/L. The highest mean 
adjusted serum calcium was found in girls with 25(OH)D levels between 20-30 
nmol/L in both summer and in the total group (Table 6.15). However, there was no 
significant difference between those who obtained 25(OH)D levels between 20-30 
nmol/L and levels above 30 nmol/L. The significant difference was always found 
between those who obtained levels below 20 nmol/L and levels between 20-30 nmol/L 
of 25(OH)D in both seasons and in the total sample group.
Physiologically, the intestinal absorption of calcium is enhanced by the adequacy of 
vitamin D. Thus, the deficiency of vitamin D would decrease the absorption efficiency 
of the intestine, which eventually would result in a deficiency in serum calcium. 
Trivedi et al (2003) showed that a vitamin D supplementation trial raised serum 
25(OH)D from 53 to 74 nmol/L in elderly individuals, and produced a 33 % reduction 
in typical osteoporotic fractures, relative to placebo. In a randomized controlled trial, 
Bischoff et al (2003) showed a significant reduction in the risk of falling by 49 % 
among the calcium and vitamin D treated group compared to the group receiving 
calcium alone.
Therefore, the significant reduction in osteoporotic fractures and the improvement in 
musculoskeletal function indicate the critical role of vitamin D with respect to serum 
calcium, whether indirectly by increasing absorption of calcium or directly by 
affecting neuromuscular function.
6.5. Conclusion
Mean 25(OH)D among the Kuwaiti adolescent girls was 21.4 ± 7.39 nmol/L. The 
prevalence of severe vitamin D deficiency (<20 nmol/L) was 52.8 % and that of 
vitamin D levels <30 nmol/L was 89.3 %. None of the girls obtained levels above 62 
nmol/L o f 25(OH)D. These results were found similar to those of the Saudi adolescent 
girls. Vitamin D deficiency in this study was found higher compared to the Lebanese, 
Iranian, American and Finnish adolescent females.
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Given that milk consumption appeared to be an independent predictor in both summer 
and winter, illustrates the effective role of milk consumption to obtain optimum levels 
o f vitamin D. Veiling was only an independent predictor in summer, partially because 
o f the likelihood of the unveiled females to expose their skin in summer, but not in 
winter. On the other hand, room sharing was a predictor in winter, but not in summer, 
possibly due to a more heterogeneous sample in the winter group as apposed to a more 
homogenous sample in the summer group. Room sharing was thought to reflect the 
affluence of the participant which would indicate a better housing (in terms of the 
availability o f an open space and not in terms o f food supply).
The seasonal impact on vitamin D levels was not as great as in other populations. 
However, further investigation is needed to carefully assess the impact of the overall 
change in lifestyle between seasons, especially with milk consumption being the main 
determinant of vitamin D deficiency.
The lack of awareness among the Kuwaiti adolescent girls and among the general 
population that vitamin D contributes to healthy bones might have been the key 
determinant of vitamin D deficiency. Unfortunately, no effort was undertaken to 
assess this awareness, and therefore, further research is needed.
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CHAPTER 7 
BONE STATUS AND PREDICTORS
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Chapter 7: Bone status and predictors
7.1. Introduction
While genetic factors may be the primary determinants of peak bone mass attainment, 
other factors including nutrition and physical fitness are considered modifiable 
determinants and have been shown to increase bone mass (Lloyd et al, 2002; Stear et 
al, 2003). Achievement of high peak bone mass during adolescence is thought to be a 
critical factor in preventing osteoporosis in adulthood (Laing et al, 2002; Lloyd et al, 
2002), provided that more than 90 % o f the bone at the lumbar spine and the femoral 
neck is accumulated around the age o f 18 y (Matkovic et al, 1994).
As important as it is to assess the bone status of the adolescent population, no 
normative data is available for the Kuwaiti adolescent females. Although not 
randomly selected, the females in this study are likely to represent the Kuwaiti 
adolescent female population, and thus, our results might provide part o f the 
normative data for bone status of this group.
Therefore, the aim of this study was to assess the bone status o f the Kuwaiti 
adolescent females 11-18 years of age and to compare it with other populations. In 
addition, we aimed to assess the effect of lifestyle on the bone mineral content by 
evaluating the association between BMC and the habitual food intake, vitamin D 
status and physical activity.
7.2. Methodology
See Chapter 2 for details.
7.2.1. Statistical testing
The statistical description of each variable was presented as means, SD, range and 
medians. To enable a comparison with the North American Caucasian normative data 
for BMC, age groups were constructed based on the midpoint values (for example, the 
11-year group represents girls who were 10.5-11.49 years of age).
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For the dietary intakes, all o f the three types of meat (lamb/beef, chicken, fish) were 
added into a single value. Likewise, vegetables and fruits were combined into one 
value to assess their impact on the bone.
To identify the significant confounding factors, a stepwise regression analysis was 
performed with lumbar spine BMC as the dependant variable and age, MSM, height, 
weight as the predictors. The significant predictors, were adjusted for whenever 
assessing the effect o f biochemical and dietary measures on BMC.
Simple and partial correlations were used to assess the association between BMC and 
the biochemical measurements before and after adjusting for the confounders, whereas 
ANOVA and ANCOVA were used to assess the association between BMC and the 
dietary intakes. The confounders were used as covariates in ANCOVA.
In addition to assessing the dietary influence on BMC using ANCOVA with the 
standard covariates, a further assessment was carried out with additional covariates 
which included all of the other dietary intakes and physical activity. Accordingly, the 
significance and adjusted R2  were not of great difference in the total group, but were 
among the winter group.
7.3. Results
7.3.1. Bone status of the Kuwaiti females
Mean BA of the total study sample (n=233) was 52.8 ± 5.3 cm2  for age 11 though 18 
years old (actual age: 10.5-18.99 y). Mean BMC was 47.5 ± 9.7 g and mean BMD-z- 
score was -0.3 ± 1 .2  (Table 7.1).
When comparing the Kuwaiti females with the North American females, mean BMC 
for ages 11 to 12 years old were higher among the Kuwaiti females (Table 7.2), 
whereas above age 12 and up to 17 years were lower. Mean BMC at age 17 years was
49.5 g among the Kuwaiti females, whereas it was 55.3 g among the North American 
females.
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Table 7.1 Descriptive Statistics of the bone indices and other relating variables.
Variables N Mean SD Min Max Median
LS-BA (cm2) 233 52.8 5.3 37.2 66.6 52.8
LS-BMC (g) 233 47.5 9.7 20.5 78.8 47.6
LS-BMD (g/cm2) 233 0.9 0.1 0.5 1.2 0.9
LS-BMD-z-score 233 -0.3 1.2 -3.7 3.5 -0.3
Age (y) 233 15.4 1.7 10.8 18.8 15.6
Month since menarche (month) 233 3.3 2.0 -1.3 8.4 3.4
Height (cm) 233 159.1 6.3 140.9 180.0 159.0
Weight (kg) 233 60.5 15.5 30.3 123.3 56.5
BMI (kg/m2) 233 23.8 5.3 13.9 42.0 22.4
25(OH)D (nmol/L) 233 21.4 7.4 10.5 61.0 19.4
PTH (pmol/L) 233 9.8 13.5 0.3 140.0 6.6
Adjusted serum calcium (mmol/L) 233 2.29 0.11 1.74 2.54 2.3
LS-BA: lumbar spine bone area; LS-BMC: lumbar spine bone mineral content; LS-BMD: lumbar spine 
bone mineral density; LS-BM.
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Given, in the previous chapter, that serum 25(OH)D levels were lower in winter than 
in summer, it was, therefore, interesting to assess the seasonal variation in BMC. 
However, no significant difference existed between the two seasons in BMC 
controlling for the confounders (46.61 g in summer and 48.41 g in winter, p=0.613).
7.3.2. Impact of age, puberty and anthropometries on BMC
Mean BA increased gradually from 46.8 cm2  at age 11 y to 54.2 cm2  at age 15 y, but 
decreased thereafter (Table 7.3). Mean BMC increased from 34.0 g at age 11 to 51.2 
at age 18 y. Mean BMD increased from 0.7 g/cm2  at age 11 to 0.9 g/cm2 at age 13 
which was constant until the age 17 y, but increased to 1 g/cm2  at the age 18 y. BMD- 
z-score decreased from 0.6 at age 11 to -0.4 at age 15 which was constant until age 18
y-
A stepwise regression analysis revealed that height, weight and MSM were significant 
confounding variables of BMC, and were, therefore, controlled for in the partial 
correlation test and were treated as covariates in ANCOVA.
Mean age was 15.4 ± 1.7 years, and mean months since menarche (MSM) was 3.3 ± 2 
months for the total sample (Table 7.1). Using Spearman correlation test for age and 
BMC resulted in a significant association (r=0.33, p<0.001) (Table 7.4). However, 
after adjusting for height, weight, and MSM, the correlation was absent (r= -0.059, 
p=0.362). A Pearson correlation test for MSM and BMC resulted in a significant 
association (r=0.42, p<0.001) which persisted after adjusting for age, height and 
weight (r=0.294, p<0.001) (Table 7.4).
Mean height o f the Kuwaiti girls was 159.1 ± 6.3 cm, while their mean weight was
60.5 ± 15.5 kg (Table 7.1). Pearson correlation for height and BMC resulted in a 
highly positive correlation (r=0.59, p<0.001), and a Spearman correlation test for 
weight and BMC resulted in a highly positive correlation (r=0.55, p<0.001). Both 
correlations persisted after adjusting for the confounders (ie, r=0.456, p<0.001 and 
r=0.315, p<0.001 respectively) (Table 7.4).
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Table 7.4 Simple and partial correlations between BMC and age, puberty (MSM),
height and weight.
Variable
Before adjustment* After adjustment **
R P R P
Age 0.33 <0.001 -0.059 0.372
MSM 0.42 <0.001 0.294 <0.001
Height 0.59 <0.001 0.456 <0.001
Weight 0.55 <0.001 0.315 <0.001
* Simple correlation.
**Partial correlation controlling for all the other listed variables.
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7.3.3. Impact of vitamin D, PTH and adjusted serum calcium on BMC
Mean 25(OH)D among the adolescent girls was 21.4 ± 7.4 nmol/L with a median of
19.4 nmol/L. Mean PTH was 9.8 ±13 .5  pmol/L with a median o f 6 . 6  pmol/L. Mean 
adjusted serum calcium was 2.29 ±0 .11  mmol/L with a median o f 2.30 mmol/L 
(Table 7.1).
Spearman correlation test for BMC and 25(OH)D revealed a positive correlation 
(ir=0.14, p=0.033) which sustained after adjusting for height, weight and MSM 
(r=0.146, p=0.027) (Table 7.5). PTH was negatively correlated with BMC before and 
after adjustment (r= -0.267, p<0.0001 and r= -0.276, p<0.001 respectively). 
However, adjusted serum calcium was only correlated with BMC after adjusting for 
the confounders (r=0.161, p=0.015) (Table 7.5).
7.3.4. Dietary impact on BMC
Mean dietary intakes of the adolescent girls are shown in detail in Chapter 5.
7.3.4.I. Milk intake
Mean BMC of the girls who did not regularly consume milk (ie, <1 time/week) was 
45.7 ± 8.64 g, whereas those who had a regular consumption o f milk (ie, >1 
time/week) was 48.26 ± 10.12 g. Although non significant, the difference in milk 
consumption showed a trend in BMC difference favoring the regular consumption of 
milk (p=0.062) (Table 7.6). After adjusting for the confounders, the difference 
disappeared {p=0.102). Nevertheless, milk consumption was found to have a 1.2 % 
effect on BMC in this study group (R2 = 0.012).
When reporting both frequency of consumption and portion size, which was carried 
out on the winter group (n=l 1 0 ), girls consuming less than one cup per week had the 
smallest mean BMC (46.99 ± 7.97 g) (Table 7.7), while those consuming one or more 
cups a day had the greatest BMC (50.1 ± 10.29 g).
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Table 7.5 Simple and partial correlations between BMC and 25(OH)D, PTH and adjusted
serum calcium before and after adjustment.
Before adjustment* After adjustment**
Variable -------------------------------------------------------------------------------
R  P  R  P
25(OH)D (nmol/L) 0 . 1 4 0 0 . 0 3 3 0 . 1 4 6 0 . 0 2 7
PTH (pmol/L) - 0 . 2 6 7 < 0 . 0 0 1 - 0 . 2 7 6 < 0 . 0 0 1
Adjusted serum calcium (mmol/L) 0 . 0 5 1 0 . 4 3 7 0 . 1 6 1 0 . 0 1 5
* Spearman correlation.
** Partial correlation controlling for height, weight and M SM : months since menarche.
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Table 7.6 Simple and partial correlations between BMC and dietary intakes and physical 
activity levels among the Kuwaiti adolescent females.
P - v a l u e
Dietary intake N Mean SD B e f o r e * 
a d j u s t m e n t
A f t e r * *
a d j u s t e m e n t
R 2
Milk
<1 time/month 
>1 time/week
73
160
45.70
48.26
8.64
10.12
0 . 0 6 2 0 . 1 0 2 0 . 0 1 2
Meat
<6 times/w 113 48.81 9.25
7-10 times/w 90 46.75 10.06 0 . 0 6 4 0 . 0 0 7 0 . 0 4 3
£11 times/w 30 44.47 9.95
Vegetable & fruit
<1 times/w 
>1 times/w
32
201
45.26
47.81
10.44
9.60
0 . 1 7 0 0 . 3 5 6 0 . 0 0 4
Carbonated drinks
<0.5 times/w 
£1 time/w
36
197
48.81
47.21
8.93
9.87
0 .5 3 1 0 . 3 6 5 0 . 0 0 4
Weight bearing
No
Yes
198
35
46.68
51.81
9.80
8.18
0 . 0 0 4 0 . 0 6 1 0 . 0 1 5
* AN O V A .
**ANCO VA with height, weight, MSM as covariates.
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Although the difference in means o f BMC was not significant, even after adjusting for 
several confounders, milk intake showed a 2.3 % effect on BMC (7?2= 0.023) which 
was greater in the winter group compared to the total sample group probably due to 
the inclusion of portion size which helped in accuracy.
7.3.4.2. Meat intake
The Spearman correlation test revealed a significant negative correlation for BMC and 
total meat intake, including beef/lamb chicken and fish (r= -0.138, p=0.035). When 
adjusting for the confounders, the correlation was sustained (r= -0.135, p=0.04). 
Mean BMC among those who consumed any type o f meat on a weekly basis was 
48.81 g, while that of those who consumed meat on daily basis was 46.75 g. 
Moreover, mean BMC continued to decrease as meat consumption increased to a 
consumption of more than once a day (44.47 g). A trend in difference in BMC across 
the different consumptions of total meat was found (p=0.063), but became significant 
soon after adjustment for the confounders (p=0.007) (Table 7.6). The intake o f meat 
affected BMC more than the intake of milk (R2 = 0.043).
Mean BMC among the girls of the winter group who consumed 300 g of meat or less 
was 50.04 ± 8.42 g, whereas those who consumed more had a mean BMC value of 
47.65 ± 10.32 g (Table 7.7). The means were statistically different only after adjusting 
for MSM, height, weight and the dietary intakes. Meat intake showed a 3.9 % effect 
on BMC (R2 = 0.039).
7.3.4.3. Vegetables and fruits intake
Mean BMC of those who consumed vegetables and fruits once a week or less was 
45.26 g, whereas that of those girls who consumed more was 47.81 g. Although BMC 
increased with the increased consumption of vegetables and fruits, the difference was 
not significant before nor after adjustment (p=0.17 and 0.356 respectively). In 
addition, the effect of vegetables and fruits on BMC in this study was diminished.
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7.3.4.4. Carbonated and caffeine intake
Mean BMC was 48.81 g among those who occasionally consumed carbonated drinks 
(<1 time/week) compared to 47.21 g among those who consumed these drinks 
regularly (>1 time/ week). The difference was non-significant before and after 
adjustment (p=0.531 and 0.365 respectively). Carbonated drinks did not have an 
effect on BMC in this study (R2=0.004) (Table 7.6).
7.3.5. Impact of physical activity
Around 85 % (n=198) of the total group were inactive, with no participation in weight 
bearing or any other kind of physical activity. Mean BMC was 5 1 .8 1 ± 8 .1 7 g  among 
those who participated in weight bearing activities, compared to 46.68 ± 9.8 g among 
those who did not. The difference was considered significant at the 0.05 level 
(p=0.004), but decreased after adjustment (p=0.061). Physical activity had a 1.5 % 
effect on BMC (Table 7.6). A positive association was evident between physical 
activity and BMC (r=0.122).
Among the winter group (n=110), weight bearing activity was positively correlated 
with BMC before (r=0.241, p<0.01) and after adjustment (r=0.152, p=0.118), but in 
the latter, the correlation was non-significant.
Mean BMC among those who were inactive was 47.35 ± 10.03 g, which increased 
among those who had 120 min/week or less o f weight bearing activity to 50.46 ± 8.63 
g (Table 7.7). The girls who practiced more than 120 min/week of weight bearing 
activity obtained a mean BMC of 55.07 ± 6.79 g. The difference showed a trend in 
significance before adjustment, but disappeared after adjustment. Nevertheless, weight 
bearing activity had a 4.6 % effect on BMC (R2 = 0.046).
Finally, a stepwise regression analysis to determine the main predictors o f lumbar 
spine BMC in this study was carried out with a number of independent variables; 
height, weight, MSM, 25(OH)D, PTH, adjusted serum calcium, milk intake, meat 
intake, vegetables and fruit intake, carbonated drinks intake, and physical activity. 
Accordingly, only height, weight, MSM, and PTH were the determinants o f BMC 
(Table 7.8).
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Table 7.8 Stepwise linear regression analysis for LS-BMC
predictors.*
Predictor Standardized coefficients^**
Height 0.397
MSM 0.276
Weight 0.265
PTH -0.192
A djusted i f 2 = 0.555 **
* Independent variables were; height, weight, MSM, 25(OH)D, PTH, 
adjusted serum calcium, milk intake, meat intake, vegetables and fruit 
intake, carbonated drinks intake, and physical activity.
**P<0.001
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7.4. Discussion
7.4.1. Bone status and the impact of age, puberty and anthropometric 
measurements on bone
Our data is consistent with previous studies showing that bone mineralization 
increases progressively in early childhood, then accelerates during adolescence 
(Faulkner et al, 1996). Between ages 11 and 12 years old, mean LS-BMC increased 
0.9 g and between age 12 and 17 years old, mean BMC increased 14.6 g (Table 7.3). 
Puberty was shown to occur around the age 12 in our study sample (Chapter 4). 
Molgaard et al (1999) found that the annual gain in whole body bone area (BA), 
which reflects the skeletal growth and BMC, which reflects the calcium content, 
peaked around 12.3 and 12.5 years respectively. The acceleration in BMC is 
consistent with that of height in this study (Table 7.2).
In comparison with the Lebanese adolescents (Arabi et al, 2004), mean BMC obtained 
in 10-17 year old girls was 55.2 ± 9.9 g as opposed to 47.5 ± 9.7 g in the Kuwaiti girls 
(10-18 years old). Since 18 year old Kuwaiti girls were included in the mean, the 
mean BMC should have been even higher than that of the Lebanese adolescent girls.
In comparison with British female students aged 16-18 years (n=131), mean BMC for 
the lumbar spine (L1-L4) was 55.49 ± 8.04 g (Stear et al, 2003), whereas that o f the 
Kuwaiti adolescent girls for this age group was 50.8 ± 8.52 g.
In comparison with the North American normative values (Faulkner et al, 1996), mean 
BMC was, again, generally lower among the Kuwaiti girls. Only, at ages 11 & 12 
years, the Kuwaiti girls had a higher mean BMC. However, it should be noted that 
these 11 year old Kuwaiti girls were heavier (BMI >97th centile). The 12 year old girls 
were also heavier (mean BMI in 75th-97th centile) (Table 4.5), which might partially 
explain why their BMC was greater than the North American girls o f the same age. 
Leonard et al (2004) found that obese children had significantly higher BMC than 
non-obese children. In addition, these 11 and 12 year old girls were taller (mean 
height fell in the 90th-95th centiles and in the 50th-75th centiles respectively) (Table 
4.5).
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The Kuwaiti girls were generally shorter and heavier compared to the USA girls 
(Kuczmarski et al, 2000) (Chapter 4). Median height for ages 12.5 through 17.49 fell
th  tVibetween the 25 and 50 percentiles of the American girls. Median BMI fell between 
50th and 75th percentiles for ages 13 through 17.99, with the exception o f age 16-16.49 
among which BMI was between the 75th and 85th percentiles (Table 4.5 & 4.6).
At age 13 years, the North American girls exceeded the Kuwaiti girls in BMC and 
continued this trend up until age 17 years (Table 7.2). In fact, mean BMC at age 17 
years of the Kuwaiti girls was about 5.8 g lower. Matkovic et al (1994) has shown that 
most of the bone mass of the proximal femur and vertebral body is accumulated by 
late adolescence. Thus, the relatively lower gain in BMC during the adolescent years 
among the Kuwaiti girls is alarming.
Previous research has shown that BMD values of the Kuwaiti adult females (20-79 y) 
were comparative to the Caucasian normative values (Dougherty & Al-Marzouk, 
2001) and higher than that of the Qatari (Hammoudeh et al, 2005), Lebanese and 
Saudi females (Ghannam et al, 1999; Maalouf et al, 2000). This is consistent with 
another study which showed that hip fracture incidence among Kuwaiti women was 
similar to that of their Asian American and Western European counterparts (Memon et 
al, 1998).
Whether the young generation o f adolescents will be at higher risk for osteoporosis 
and eventually, at higher risk for fractures, is a matter of question, and needs further 
research. However, based on their BMC values, they might develop osteoporosis even 
earlier than their mothers.
7.4.2. Vitamin D im pact
Vitamin D status is considered as an important determinant of bone health as 
numerous studies have shown the association between vitamin D levels and BMC and 
BMD at various sites. For example, Bischoff-Ferrari et al (2004) attempted to 
determine the optimal range for 25(OH)D by the bone mineral density among 
multicultural American adults (age >20 yr). He found a significant positive association 
between 25(OH)D and total hip bone mineral density in both younger and older 
adults. In addition, he found that higher 25(OH)D levels were associated with greater 
bone mineral density throughout the reference range in all subgroups.
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Interestingly, vitamin D supplementation was found to reduce fracture risk by 22 % 
among postmenopausal women (Trivedi et al, 2003) suggesting that higher levels of 
vitamin D are required for the prevention of osteoporotic fractures. The beneficial 
effect o f vitamin D was similarly demonstrated among Middle Eastern 
postmenopausal women aged 65-85 y, as higher levels o f serum 25(OH)D levels were 
correlated with BMC for the total body and BMD at the total hip, femoral neck and 
trochanter (Arabi et al, 2006).
Further, Sohata et al (1999) showed that the vitamin D insufficient group of elderly 
women with established vertebral osteoporosis had significantly lower BMD at the 
total hip and significantly higher bone turnover markers, including alkaline 
phosphatase, osteocalcin, hydroxyridinoline, and free deoxypyridinoline compared to 
the sufficient group.
The effect of vitamin D on bone mass has also been demonstrated by the variation in 
season. Decreased levels o f 25(OH)D in winter among healthy elderly women was 
associated with an elevated serum PTH and ultimately an increase in bone turnover 
(Chapuy et al, 1996). On the contrary, Rapuri et al (2002) found that as 25(OH)D 
increased significantly among elderly women in the summer from 68.4 ± 6.74 to 85.6 
±5.15 nmol/L, spine BMD, total body BMD, and mid-radius BMD had also increased
8.4 %, 6.1 % and 7.6 % respectively compared to those in winter.
Moreover, the sufficiency of vitamin D in the adolescent years is extremely critical for 
bone peak bone mass attainment. Pubertal girls with hypovitaminosis D might be at 
risk of not reaching maximum peak bone mass, particularly at the lumbar spine. A 
study examining the effect of vitamin D on bone among 171 healthy adolescent 
Finnish girls aged 9-15 y showed that BMD at the lumbar spine was 27 % greater in 
the highest vitamin D intake tertile compared to the lowest tertile (Lehtonen-Veromaa 
et al, 2002). Other bone sites are likely to be affected. Cheng et al (2003) showed that 
the deficient group of 10-12 year old Finnish girls (25(OH)D <25 nmol/L) had 
significantly lower cortical volumetric BMD of the distal radius (p<0.001) and tibia 
shaft (p<0.002).
Not only might vitamin D deficiency impair bone mineralization of the mother, but 
also might risk that of the fetus. In a longitudinal study undertaken in the UK, 
maternal vitamin D insufficiency was found to reduce bone mineral accrual o f their
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offspring during childhood (Javaid et al, 2006). Their children at age nine years had a 
significantly lower total BMC and a lower lumbar spine BMC compared to those bom 
to mothers with sufficient vitamin D levels.
Thus, the effect of vitamin D supplementation is especially critical during puberty. In 
a longitudinal study on 10-17 y girls, El-Hajj Fuleihan et al (2006) found that vitamin 
D intervention had a positive impact on musculoskeletal parameters, especially during 
the premenarcheal period. The girls were randomly assigned to receive a weekly oral 
dose of vitamin D of either 1,400 IU or 1,400 IU in a double-blind, placebo- 
controlled, 1-year protocol. The results showed that bone area and total hip BMC 
increased in the high dose group. In the premenarcheal girls, lean mass increased in 
both treatment groups, and there were consistent trends for increments in BMD and/or 
BMC at several skeletal sites, reaching significance at lumbar spine BMD in the low 
dose group and at the trochanter BMC in both treatment groups.
Our results further support the literature. The positive association between 25(OH)D 
and BMC at the lumbar spine (Table 7.5) in our study acknowledges the importance 
of vitamin D to bone mass in all age groups, but particularly in adolescence as a 
preventative period from osteoporosis.
7.4.3. Calcium im pact
In a randomized double-blind controlled calcium supplementation trial for 18 months 
on 84 7-year old Chinese children, Lee et al (1995) found that after 18 months of 
supplementation, the supplemented group (n=44) had significantly greater increases in 
lumbar spine BMC (20.9 v. 16.34 %, p=0.035), lumbar spine area (11.16 v. 8.71 %, 
p^O.049), and a moderately greater increment in areal bone mineral density o f the 
radius (7.74 v. 6  %,p=0.081) when compared with the controls (n=40).
When Lee et al (1997) further followed up these children to investigate whether or not 
the benefits o f calcium supplementation persist after cessation, it was found that the 
overall BMC acquisition rate during the 30 month period after supplementation was 
25 % and 23.8 % for the study and control groups, respectively. Because the study 
group had a 18.9 % greater BMC gain in the supplementation phase, then a 16.1 % 
less BMC gain in the follow up phase, it was concluded that the effect o f calcium
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supplementation on bone mineral gain appears to reflect a transient reduction in bone 
turnover rate.
Zhu et al (2004) found that calcium intake was a significant predictor for BMD of 9- 
11 year old Chinese girls (n=373), and that girls with a calcium intake more than 417 
mg/d had 1.8 % greater total body BMC (p<0.001). Our results showed that adjusted 
serum calcium was positively and significantly associated with lumbar spine BMC 
(only after controlling for height, weight, and MSM) (Table 7.5). A relatively lower 
mean BMC among our adolescent girls compared to other populations might partially 
be explained by a low dietary calcium intake which is likely to have occurred (Chapter
5),
The recognition of the importance of calcium in bone mass has led to many 
interventional studies with calcium supplementation. For example, Matkovic et al 
(2005) showed that calcium supplementation (1000 mg/d) significantly influenced 
bone accretion in 354 young females (in pubertal stage 2) during the pubertal growth 
spurt. In another study, calcium supplementation was found to significantly increase 
size adjusted bone mineral content in the total body, lumbar spine, ultra-distal radius, 
total hip, femoral neck and trochanter in 131 British adolescent females (16-18 yr) 
(Stear et al, 2003). A further longitudinal study on Caucasian females showed that the 
effect o f calcium intake at the age of 7 and 9 year was associated with higher total 
body BMC at the age of 1 ly  (Fiorito et al, 2006).
Although the association between calcium intake and physical activity seems to be 
dependent on the gender (Boot et al, 1997), generally increasing the daily dietary 
intake of calcium is important to obtain a greater peak bone mass.
7.4.4. PTH impact
Not only was PTH significantly associated with BMC (Table 7.5), but was also one of 
the main determinants of BMC in this study (Table 7.8). This finding is consistent 
with previous studies (Chapuy et al, 1996; Rapuri et al, 2002; Yan et al, 2003) which 
have shown that elevated PTH levels result in significantly lower BMD values. The 
function of PTH with regards to bone is to mediate the concentration o f serum 
calcium. PTH works synergetically with 25(OH)D and calcium in the body. When 
either calcium or 25(OH)D is insufficient, PTH acts upon this condition by
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stimulating bone resorption, and thus, calcium release from the bone into the blood. 
The significant association between PTH and BMC, and the interaction between PTH 
and both vitamin D and calcium (Chapter 6 ) demonstrates the importance o f 25(OH)D 
and calcium to the bone. The positive association between serum 25(OH)D and BMC, 
and between adjusted serum calcium and BMC also highlights their effective role.
7.4.5. Dietary im pact on BMC
The healthy intake of food has been shown to contribute to a healthy status. Bone has 
specifically been associated with certain foods, such as dairy, protein intake and 
vegetables and fruit intakes.
Whiting et al (2004) suggested that the dietary factors appeared to be more influential 
on bone in girls than in boys, partially due to the girls having to consume less than 
their requirement for calcium while boys consume above their threshold (Pettinato et 
al., 2006).
7.4.5.1. Dairy intake
It is expected that much of the adolescents’ calcium intake is coming form dairy 
products. In fact, Fiorito et al (2006) found that dairy products covered 70 % of 
calcium intake among 5-11 year old white girls (n=151). Du et al (2002) had also 
found that milk intake among pubertal girls was a better nutritional determinant of 
BMC than any other nutrient alone.
The beneficial impact of milk on bone mass has led to numerous studies correlating 
the effect o f high consumption of milk with greater bone mass. Cadogan et al (1997) 
found that an increased milk consumption of on average 300 ml/day significantly 
enhanced bone mineral acquisition in adolescent girls. The milk supplemented group 
in his study had a greater increase in BMD (9.6 % vs. 8.5 % ,p=0.017) and BMC (27 
% vs. 24.1 %, p=0.009). Similarly, Zhu et al (2005) found that a 2 year milk 
supplementation fortified with calcium with or without vitamin D, led to greater 
increases in periosteal diameter (1.2 %) and cortical thickness (5.7 %) than did the 
control group (p<0.05) o f 10 year old Chinese girls.
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Further, milk has been shown to have a long-lasting impact on BMC. Results of an 
observational longitudinal study showed that calcium intake, which mainly came from 
dairy consumption, at age 5 y was significantly associated with greater gain in total 
body BMC at age 11 y when controlling for present calcium intake (Fiorito et al, 
2006).
The significant impact of milk seems to last beyond childhood. Kalkwarf et al (2003) 
found that women aged 20-49 years old who consumed <1 serving of milk/week 
during their childhood (5-12 y) had 5.6 % lower bone mineral content compared with 
those who consumed >1 serving/day (p<0.01). He estimated that low milk intake 
during adolescence was associated with 3 % reduction in hip bone mineral content and 
bone mineral density (p<0.02). Similarly, New et al (1997) showed that lumbar spine 
BMD and femoral neck BMD were lower in women aged 45-49 years old reporting a 
low intake of milk in early adulthood than in women with medium or high intake
(p<0.01).
Although the association between milk intake among the adolescent girls in our study 
and BMC was not significant (Tables 7.6 & 7.7), milk intake was able to explain, non- 
significantly 1.2 % of the variation in BMC in the total sample group, and 2.3 % of the 
winter group. In addition, we have shown that milk intake was the main predictor for 
vitamin D variation (Chapter 6 ). Thus, encouraging the consumption o f milk would 
improve vitamin D status and increase bone mass at the same time.
There are many reasons for low milk intake among the Kuwaiti girls. Lactose 
intolerance is one of them. Matlik et al (2007) showed that perceived milk intolerance 
among adolescent females was significantly associated with lower LS-BMC. Given 
that milk intolerance due to lactase deficiency is common in Asian ethnicity (Asmawi 
et al, 2006), it is expected that many individuals among the Kuwait population might 
be affected, which ultimately leads to a decrease in milk consumption.
7.4.5.2. M eat intake
There is great controversy in the direction o f the impact of animal protein on bone 
mass. Whereas some studies have shown that risk of hip fracture is reduced by an 
increased consumption o f animal protein (Promislow et al, 2002), others have found 
that more animal protein intake is associated with lower BMD. The latter observation
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has been explained by the increase in urinary calcium, resulting in a negative calcium 
balance (Kerstettet & Allen, 1990), and by an increased endogenous acid production, 
which triggers a buffering response by the bone, leading to an increased bone 
resorption (Weikert et al, 2005).
Generally, dietary protein, whether from animal or plant origin, has demonstrated a 
healthy impact on BMD (Rapuri et al, 2003). The harmful effect o f increased dietary 
animal protein on BMD was suggested to be diminished if  calcium intake was within 
recommended values (Kerstetter et al, 2003).
Although a lot of these studies have been performed on the elderly, similar studies 
performed on children and adolescents have shown similar outcomes. Long term 
dietary protein intake in 6-18 years children and adolescents was significantly 
positively associated with periosteal circumference (p<0.01), which reflected bone 
modeling, and with cortical area (p<0.001), bone mineral content (p<0.01), and polar 
strength strain index (p<0.001), which reflected a combination of modeling and 
remodeling (Alexy et al, 2005). The associations were carried out after controlling for 
age, sex, energy intake, BMI, growth velocity, pubertal development and forearm 
muscularity.
In the current study, meat intake was significantly and negatively associated with 
BMC, especially after adjusting for the confounders (Table 7.6 & 7.7). The high 
consumption of meat had negatively affected 3.9-4.3 % of the BMC among the girls. 
These results support the negative impact of high animal protein on bone health.
With growing numbers of fast food restaurants in Kuwait, high frequency meat 
consumption among the adolescents is expected. However, the low consumption of 
milk and the low vitamin D status, were factors that were most likely contributing to 
the harmful effect of meat on BMC.
7.4.5.3. Vegetables and fru it impact
The positive link between fruits and vegetables consumption and bone is gaining 
interest over a wide range of studies. It was suggested that diets high in fruit and 
vegetables have an alkali effect, which mediates the acid-base homeostasis, and thus 
preserves the bone’s minerals from being released as a result o f buffering the acid
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load. Tucker et al (1999) showed that greater fruit and vegetables intake was 
associated with greater BMD at the radius, trochanter and Ward’s area among elderly 
women. In addition, the study examined the individual effect o f potassium and 
magnesium, as being abundant in fruits and vegetables, and found that greater intakes 
o f these nutrients were, indeed, significantly associated with greater BMD at the 
trochanter, Ward’s area and approached significance for the femoral neck and radius. 
The study also showed that women with low magnesium intakes had significantly 
lower BMD at the femoral neck, trochanter and Ward’s sites (p<0.05).
Similarly, New et al (2000) found a positive association between fruit and vegetables 
consumption during childhood ( < 1 2  y) and bone health in adulthood among 62 
healthy women aged 45-55 years old. The results showed that the femoral neck BMD 
was higher in women who consumed high amounts o f fruits (1-4 times/d >5 days/w) 
in their childhood than in women who consumed medium or low amounts (p<0.01).
The intake of vegetables and fruits in the current study showed no correlation and no 
clear effect on BMC. This might partially be due to the low consumption of 
vegetables and fruits (Chapter 5). However, it is possible that their low consumption 
might have ultimately contributed to their low BMC status.
7.4.5.4. C arbonated drinks
It is expected that carbonated drinks are negatively associated with bone mass, but 
studies have shown mixed results. Tucker et al (2006) found that adult men and 
women who had a daily consumption of cola also had a mean BMD 3.7 % lower at the 
femoral neck and 5.4 % lower at Ward’s area than those who consumed less than one 
serving per month. The study did not find any significant relations with non-cola 
carbonated drinks. Additionally, cola consumption was significantly associated with 
lower BMD at the femoral neck, trochanter, and ward’s area in women only. Whiting 
et al (2004) suggested that the reason why diet was more influent in girls was because 
they were consuming less than their requirement for calcium compared to males. 
However, the women in Tucker’s study had a higher mean intake for calcium and 
vitamin D than did men.
Ma & Jones (2004) examined the association between soft drinks consumption and 
upper limb fractures among 206, 9-16 year old patients and their random controls
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(n=206). The results found no differences between patients and controls for total 
fractures in soft drink consumption. However, there was a positive association 
between cola consumption and wrist and forearm fracture risk, which disappeared 
after adjusting for confounders. Yet, there was no association between cola and BMD. 
Soft drinks intake affected bone mineral accrual in girls and not in boys. In addition, 
Fruit and vegetable intake influenced BMC only in the girls.
It was surprising that with the extremely high consumption o f these drinks among our 
girls, no association with BMC was found (Table 7.6). There was also no effect on 
BMC, even after controlling for the confounders.
In the light of the literature and the outcomes of this study, we conclude that 
carbonated drinks may have a negative affect on bone health which is dependent on 
other unclear factors. As far as the Kuwaiti adolescent girls, further investigation is 
required to justify their low BMC with regards to carbonated drinks consumption.
7.4.6. Physical activity
Physical activity appears to be a promising way to increase bone mass among children 
and adolescents. Jones & Dwyer (1998) showed that physical work capacity among 8  
year old girls was associated with bone mass and persisted after adjustment for body 
size and lean body mass. Zhu et al (2004) found that physical activity was a 
significant predictor of total BMC among 9-11 year old premenarcheal girls. Those 
with greater physical activity had greater distal and proximal forearm BMC.
Further, adolescent females with physical activity integrated in their daily life were 
shown to have greater BMD. To et al (2005) found that adolescent female dancers 
attending a collegiate school of dance had significantly higher BMD at the lumbar 
spine, the femoral neck, Ward’s triangle and trochanter compared to non-dancer age- 
matched controls (p<0.05). Barkai et al (2007) found that adolescent female athletes 
within the higher tertile of total weight bearing exercise had significantly greater 
BMD at the spine (p=0.009), total hip (p=0.03), trochanter (p=0.03), and total body 
(p=0.009) after controlling for age and BMI.
Moreover, greater physical activity has been associated with greater peak bone mass 
attainment. In a longitudinal study, Laing et al (2002) showed that gymnasts possessed
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significantly higher areal BMD at the lumbar spine, total hip, femoral neck, 
trochanter, and distal radius at baseline compared to non-gymnasts (p<0.05). Over 3 
years, the trained gymnasts increased more than the non-gymnasts in their total body, 
trochanter, and total hip areal BMD, and total body and lumbar spine BMC (p<0.05). 
Similarly, American adolescent females with accumulative sports/exercise from age 
12 were associated with femoral neck BMD at age 18 years old (r=0.42, p<0.0001) 
(Lloyd et al, 2000) and with femoral neck and shaft BMD at age 20 (r2 = 0.07-0.19, 
p<0.05) (Lloyd et al, 2002).
In the current study, BMC was positively associated with physical activity (r=0.122) 
with a trend towards significance (p=0.061) (Table 7.6). Physical activity affected 1.5 
% o f BMC (Table 7.6). The effect o f physical activity on BMC was even better 
demonstrated in the winter group, as it contributed significantly to 2  % o f the variation 
of BMC (p=0.034) with adjusting for the main confounders o f this study. Further, 
when adjusting for food items as additional confounders, the contribution of the 
physical activity to BMC variation further increased to 4.6 %, but the p-value did not 
reach significance (Table 7.7). The fact that around 85 % o f the girls had not 
participated in any form of sports or regular exercise was likely to contribute to their 
low BMC values.
7.5. Conclusion
Although Tanner stage assessment could not be carried out in our study due to social 
restrictions, MSM was an effective method in assessing puberty and showed to be a 
strong determinant of BMC. Further, nutrient intakes were also not provided by the 
FFQ and therefore, we were not able to correlate specific nutrient intakes with bone 
mass in this context.
It is not unexpected that our girls obtained a relatively lower BMC, given their 
vitamin D deficiency, elevated PTH levels, inactive lifestyle, in addition to a low 
intake of milk and vegetables and fruits and a high consumption of carbonated drinks 
and meat. All of these factors have been shown to decrease bone mineral density and 
content during adolescence.
Provided that most of the bone mass at multiple skeletal locations is accumulated by 
late adolescence (Matkovic et al, 1994), The Kuwaiti adolescent girls are facing a
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serious problem which will likely lower their peak bone mass and ultimately increase 
their risk for osteoporosis, which may develop earlier than usual. Health strategies 
urgently need to be set as to encourage a better lifestyle particularly among the 
Kuwaiti adolescent females.
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FINAL DISCUSSION
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Chapter 8: Final discussion
8.1. Low vitamin D levels found in the Kuwaiti adolescent females
Vitamin D levels among the Kuwaiti adolescent girls were extremely low as 89 % 
were deficient, having levels below 30 nmol/L. This is very alarming, especially 
because none of the girls obtained sufficient levels (>75 nmol/L). Although milk 
intake, veiling and affluence were shown to significantly predict the variation of 
vitamin D status, they might not entirely explain the extremely low levels obtained by 
the girls. No matter how much they drank milk or how affluent they were, and 
whether they were veiled or unveiled, they were still deficient/ insufficient.
There is growing evidence that the lifestyle in the Middle East may not support 
sufficient vitamin D status. The lifestyle is ruled by extremely high temperatures and 
perpendicular sun angle, and thus, avoidance of direct sun is very usual. Although it 
might be difficult to believe that the population can avoid even trivial amounts o f 
direct sun exposure, this might be the case. In fact, the protective effect o f complete 
clothing from sun radiation has been shown to significantly decrease skin cancer in 
the Middle East (Hannan et al, 1984).
Earlier studies with regards to UV-B radiation have been undertaken in Kuwait 
(Kollias & Baqer, 1984, a) and accordingly, 6 minutes of direct sun exposure at noon 
by an average Kuwaiti adult during the summer months was shown to generate 
sufficient amounts of vitamin D. The minutes increased gradually before and after 
noon and as approaching the winter months (Ali Baqer, personal communication, 
August, 2006).
Nevertheless, the amount o f awareness on vitamin D importance to general health and 
particularly bone health is the most effective factor of them all, and was most likely 
lacking among our girls. This is why urgent planning for a vitamin D adequacy 
program is needed, which takes into account a number o f obstacles.
This study is the first to measure the prevalence o f vitamin D deficiency in adolescent 
females in Kuwait. Vitamin D deficiency was never thought to occur in a sunny 
country like Kuwait. This study proves this thought to be wrong. In fact, our findings
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suggest that vitamin D deficiency may be prevalent among other age and gender 
groups.
8.2. Low bone mass of the Kuwaiti adolescent females
The Kuwaiti adolescent girls were shown to have a relatively low BMC compared 
with their Lebanese and Canadian Caucasian counterparts. This is alarming, 
particularly because earlier studies showed that the BMD of the Kuwaiti women were 
comparative to the Caucasian women and higher than the Qatari, Lebanese and Saudi 
women (Ghannam et al, 1999; Maalouf et al, 2000; Dougherty & Al-Marzouk, 2001; 
Hammoudeh et al, 2005). Given that 90 % o f the bone mass at multiple skeletal 
locations is accumulated by late adolescence (Matkovic et al, 1994), the Kuwaiti 
adolescent females may face a serious problem with obtaining a high peak bone mass 
and ultimately increase their risk for osteoporosis at a relatively earlier stage.
The low BMC among the Kuwaiti adolescent girls is expected given their vitamin D 
deficiency, elevated PTH levels, inactive lifestyle, in addition to a low intake of milk 
and vegetables and fruits and a high consumption of carbonated drinks and meat, all 
o f which have been proven to decrease bone mineral density and content. Health 
strategies and programs urgently need to be set to encourage a better lifestyle 
particularly among the adolescent girls.
8.3. Unhealthy habitual food consumption by the Kuwaiti females
Our findings show that the Kuwaiti adolescent girls in this study, generally, do not 
practice healthy food and eating habits. Only 33 % o f the girls consumed milk and/or 
sour milk on daily basis. Given that almost all milk products in Kuwait are fortified 
with vitamin D 400 IU/L, a considerable number of girls are skipping the opportunity 
to increase their vitamin D and calcium levels, which increases their risk for a low 
bone mass. The situation becomes worse with the high consumption o f carbonated 
drinks, as 45 % o f the girls consumed carbonated drinks on daily basis, and in some 
cases up to 5 times a day. The percentage o f girls consuming these drinks more than 3 
times per week exceeded 70 % of the total girls in this study. Vegetables and fruits 
have been recognised as positive factors o f bone mass (New et al, 2000), but only 24
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% and 20 % o f the girls respectively consumed these on daily basis. It is, therefore, 
expected that the unhealthy habitual food intake may not be able to promote good 
general health, much less strong bones.
Although being a popular Kuwaiti dish rich in vitamin D, fish was not consumed more 
than twice a month among the majority of girls, which makes its dependence as a 
source for vitamin D intake very weak. On the other hand, milk was found to be a 
significant predictor of vitamin D levels in both seasons among the girls, and therefore 
is considered the best source for obtaining vitamin D among the Kuwaiti adolescent 
girls. Taking into consideration that milk intolerance is probably common among the 
Kuwaitis, the authorities should be encouraged to find other popular drinks for 
targeting vitamin D fortification. Nevertheless, our results have shown that vitamin D 
fortification is a successful way for obtaining vitamin D, and has been also shown to 
be a better source than sun light.
Further studies are needed to determine and assess the habitual food intake. Involving 
more samples and a wider range of food items is necessary. In addition, using a 3-day 
food record would have the potential of estimating the total nutrient intake o f the 
adolescent females
8.4. Unsuitable vitamin D analysis for the Kuwaiti population
Based on our results, we have found that the IDS RIA assay used to measure vitamin 
D status in Al-Sabah hospital, Kuwait may not be appropriate to use among the 
Kuwaiti population because it commonly overestimates lower values (<28 nmol/L) up 
to 10 nmol/L. This has serious implications for patients with hypovitaminosis D, 
leading to persisted deficiency without treatment which, in turn, has serious 
complications over time, especially with respect to bone. RIA assays have previously 
been shown to overestimate 25(OH)D values using HPLC. Lips et al (1999) found that 
21 % of the 25(OH)D values in the lowest quartile using HPLC were not recognized 
as being in the lowest quartile of RIA.
It is, therefore, meaningful to try other methods for assessing vitamin D status, taking 
into account the accuracy of the method, especially with lower levels o f 25(OH)D 
because vitamin D deficiency is very common in Kuwait. Further, it is also advisable
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to start a verification procedure with an international quality control laboratory to 
monitor the quality of vitamin D analysis in Kuwait.
8.5. Limitations of the study
The interviewer-administered questionnaires were constructed by the researcher based 
on findings of the literature. Although they were not validated in this context, they 
were specific for the Kuwaiti adolescent girls and were found suitable for obtaining 
relative data. Future work, however, involves validating these questionnaires for 
further use.
Despite being easy, quick and informative, some of the questions were subject to bias, 
especially regarding sun exposure time and physical activity. The girls tended to 
overestimate their time under direct sun light. This was critical to the outcome o f the 
study as we were unable to correlate vitamin D levels with the time of sun exposure. 
Overestimating the time engaged in actual physical activity was also common, 
because the girls found it difficult to recall the actual activity time, and instead 
reported the overall time during which they performed some physical activity, such as 
during sports class at school.
The FFQ was focused on food items known for their impact on bone health and 
vitamin D status. Inaccurate reporting o f food consumption frequency and portion 
size, possibly led to the lack of a wide range of associations between food intake and 
bone mass. For example, we found no association between BMC and carbonated 
drinks, vegetables and fruits intakes. Although we did find associations between BMC 
and milk and meat intakes, their effect on BMC might have been greater with more 
accurate reporting on frequency and portion of consumption. FFQ are considered an 
easy and quick measure of dietary habitual food intake. However, they were not 
designed to obtain exact measures on nutrient intakes which are usually gathered by 
food diaries and 24-recalls. Therefore, we were unable to measure nutrient intakes of 
the adolescents to correlate them with their bone mass.
Another limitation in this study was the lack of Tanner stage assessment, which would 
have provided a more accurate puberty assessment than the month since menarche 
count we have applied. Given their conservative background, it was unacceptable to 
apply the Tanner stage assessment with the Kuwaiti adolescent girls. Nevertheless, the 
months since menarche method was strongly associated with BMC.
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We have noticed, through conversation with the girls during the interview, that their 
awareness o f vitamin D importance might have contributed to much of its deficiency. 
Thus, we now regret that we did not measure or assess their knowledge at all.
8.6. Recommendations: a call for a national health strategy
Our adolescents have shown an imbalanced diet that is most likely unable to meet the 
daily recommended values for nutrient intakes, putting them at risk o f developing 
various chronic diseases. Adequate dietary intake during adolescence is critical in 
reaching bone growth potential, which ultimately decreases the risk for osteoporosis in 
later life. Moreover, nutrient intakes of adolescent females are of special importance 
because lifetime dietary habits of mothers influence the outcome o f pregnancy, and 
therefore, the potential health of the future generation.
There has not been a clear and an effective strategy for a healthy diet among children 
and adolescence by any of the Ministry o f Health or the Ministry of Education in 
Kuwait. Clearly, effective interventions to promote consumption o f healthy food 
choices by adolescents are urgently needed, and a joint effort to establish one in the 
very near future is necessary.
Although the recognition of a healthy diet generally exists, especially among females 
(Al-Almaie, 2005), we believe that the recognition of the benefits o f vitamin D among 
our adolescents was lacking, which might have contributed to its deficiency. Thus, 
emphasizing on the importance of vitamin D to the bone and to the general health is 
essential in defeating vitamin D deficiency. However, this can only be possible by 
also emphasizing on the importance of a well balanced healthy diet.
A major part of the awareness should be implemented by the family. There is 
evidence that families practicing healthy meals and snacks, limiting fast foods and 
colas have been able to influence the intake of healthy food among their adolescents 
(Boutelle et al, 2007; Larson et al, 2006).
The approach to increase awareness among the population can be further undertaken 
by the media. Interviewing health professionals on national TV, who can elaborate on 
the benefits of vitamin D to the overall health, is achievable. Messages in health 
commercials can be established to focus on the importance of vitamin D, and to
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encourage controlled sun exposure, regular exercise, the consumption of milk, 
vegetables and fruits, and lower the consumption of carbonated drinks and unhealthy 
snacks. However, it is advisable to be precise as possible when claiming a health 
message. Rather than stating “cut down on colas”, it is more precise and less 
misleading to state “drink no more than 1-2 a week”.
Medical doctors and health professionals who might not be aware o f the prevalence of 
vitamin D deficiency in Kuwait should also be informed with these findings, and 
accordingly should be able to manage vitamin D deficiency among the patients in a 
better way. In addition to having treatment, patients usually listen to what doctors 
have to say, and therefore, the information given should be as precise as possible, 
whether regarding sun exposure or healthy food choices.
Raising the awareness is one of the solutions, but not the absolute one. Adolescents 
might be aware o f healthy food choices, but do not always implement their knowledge 
into practice. Anderson et al (2005) showed that although female adolescents (12-16 
y) believed that physical inactivity, smoking, and inadequate calcium intake were 
health-risking behaviors and osteoporosis risk factors, 25 % were current smokers, 58 
% consumed less than the adequate intake for calcium, and 52 % had scores that 
reflected low to moderate physical activity levels. Similarly, Mirmiran et al (2007) 
found that even though a percentage of the Iranian adolescents had good nutrition 
knowledge, they did not practice healthy nutrition. Thus, it is important that the health 
care authorities find ways to encourage a healthy diet.
Schools can be significant participators in both the awareness and practice o f good 
eating habits and food choices. Replacing colas and high glucose drinks with 
flavoured milk and fresh juices is needed to make sure that the adolescents are 
actually implementing healthy food in their diet. It is common that adolescents leave 
to school without eating breakfast. Thus, it is very important to provide only healthy 
food choices during school hours.
Teachers are able to pass their beliefs and opinions to their students, and therefore, it 
is also necessary that teachers have the appropriate knowledge on vitamin D and sun 
exposure. Encouraging the girls to get enough sun exposure without the disadvantages 
of a prolonged exposure can be carried out under the supervision o f their teachers.
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Science teachers may additionally contribute to the students’ understanding and 
perception about the role of vitamin D in healthy bones.
It is well known that the growing numbers of fast food restaurants have contributed 
successfully to unhealthy food habits, and adolescents are encouraged to consume 
more carbonated drinks by the various promotions available in the market. One 
popular promotion previously held was the price of the 2.5 liter Pepsi decreasing by 
40 %. It is unappreciated, however, to watch company owners seeking exciting ways 
to sell their products without the simplest consideration of the general health of their 
consumers, which are mostly adolescents.
Fortification programs have shown to be successful, but need to coincide with the 
populations’ requirements. Given that lactose intolerance is common among the 
population, stresses the importance of making available lactose free milk products in 
the market. Also, other popular drinks should be considered and targeted for a 
fortification program to cover those who can not or do not consume dairy at all. The 
significance of determining the most frequent portion size for consuming different 
food items in this study was to provide basic data for a better fortification strategy in 
the future. The more information is known regarding the eating pattern o f a 
population, the easier it is to improve its diet. Perhaps knowing that most o f the girls 
in this study were consuming one cup of milk at a time might encourage the 
authorities to fortify one cup of milk with almost the recommended value of calcium 
and vitamin D.
Although the findings of our study set good basis for a national health program, 
further studies are needed to fully understand the lifestyle including food choices and 
eating habits of the majority and minorities o f the Kuwaiti population.
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8.7. Areas of future research
Although adolescent girls represent an important age group in the population, other 
age groups of both genders need to be assessed to fully understand the trend in 
hypovitaminosis D in the Kuwaiti population. It is not known whether 
hypovitaminosis D is affecting adolescent girls only or if  it is affecting other age 
groups o f females or even males. Clearly a larger observational study involving all age 
groups o f both males and females is required.
Longitudinal studies are also needed to assess changes in vitamin D status and bone 
mass as a result o f changing lifestyle. Our girls will be invited to participate in such 
studies. The girls will also be invited to participate in future interventional studies to 
determine the most suitable therapy in overcoming hypovitaminosis D, whether being 
supplementation or sun exposure.
Studies involving the effect of sun exposure time on vitamin D status will also be 
undertaken to further determine the etiology o f hypovitaminosis D. For this purpose, 
badges of polysulphone films, which are able to measure the exposed dose of UV-B 
radiation, are one of the accurate methods for determining sun exposure time among 
individuals. Food analysis and dietary nutrient intakes are required for further research 
in accurately assessing their impact on bone mass and vitamin D status.
Nevertheless, vitamin D research in Kuwait is just in the beginning. There is a lot of 
work needed to fully understand its deficiency and a lot more to overcome the 
problem.
8.8. Concluding remarks
Hypovitaminosis D is very common among the Kuwaiti adolescent girls as 89 % were 
extremely deficient (<30 nmol/L) and the rest were insufficient (<75 nmol/L). Since 
vitamin D has been shown to positively and significantly affect bone mass, it was not 
unexpected that the girls possessed a relatively low BMC compared with their 
Lebanese and Canadian Caucasian counterparts, especially that earlier studies have 
shown that the Kuwaiti women possessed a higher bone mass compared to the 
Lebanese women and equal to the Caucasian women.
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These girls have shown to practice an unhealthy lifestyle with only 33 % of the girls 
consuming milk on daily basis. Milk intake, veiling and affluence were significant 
factors contributing to vitamin D status, since milk fortified with vitamin D and 
adequate sun exposure are both good sources for obtaining sufficient amounts of 
vitamin D.
In addition to their low vitamin D status, the low BMC is expected due to their 
inactive lifestyle, low intake of milk, vegetables and fruits, while a high intake of 
carbonated drinks and meat, all o f which have been proven to decrease bone mineral 
density and content. Health strategies and programs urgently need to be set to 
encourage a better lifestyle particularly among the adolescent females.
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eth ic a l  a p p p o Va l
F A C U L T Y  O F  M E D IC IN E  
HEALTH SCIENCES CENTRE  
K U W A IT  U N IV E R S IT Y
VICE-DEAN’S OFFICE
July 8, 2006
PhD student: Khulood Alyahya
University of Surrey 
UK
Re: PhD Study entitled:
"Assessment of vitamin D status in Kuwait adolescent females: a comparison between 
differently dressed females with respect to veiling".
Dear Ms. Alyahya,
With reference to the above mentioned subject, please note that the project has been evaluated by the Ethical 
Committee and the Decision as follow;
•  A rab ic  c o n s e n t  form  sh o u ld  b e  included .
•  T h e  c o n s e n t  form  sh o u ld  inc lude  blood  vo lu m e in c c  w ithdraw n from  su b je c t,
Ethical permission granted.
Best regards.
■01 ygcf
Dr. Eyad Al-Saleh
Vice Dean for Research
ES/ro
.c^U I13110 j-o^l wUuaJt t i W  o m tM  ^ L a - (V to )  oTVYT• •
Tel.(965)5319491- Fax, 5319491 - P.O.Box : 24923 Safat, Code No. 13110, Kuwait. 
Website: h ttn :/ /  w w w .h s c .e d u .k w

Consent form to assess vitamin D status among adolescent females
I understand that I will give a 10-15 ml blood sample to be tested for the 
determination o f vitamin D status. I also understand that I will undergo a DXA scan to 
determine my bone mineral density. The results will be used for research purposes 
only. My data will be confidential and I will be informed with some of the results. I 
understand that I have the right to withdraw from the study at any stage. Based on the 
previous, I agree to participate in this study.
Name
Name of parent 
Signature o f parent 
Date
Researcher
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Recruitment form for the evaluation of vitamin D & 
bone status in adolescent females
Dear volunteer;
Osteoporosis is a condition of decreased bone mass resulting in fragile bones. Such bones are at an increased 
risk for fractures. Females are more vulnerable to osteoporosis.
The literature shows that most adolescent females do not realize the danger of osteoporosis. A possible reason 
for that is the disappearance of its symptoms until later years in life. Bone mass increases from early life to 
about early twenties, then is stable. After the'thirties, bone mass decreases. Therefore, the first 20 years of life 
determine the state of bone for the rest of the years. Good nutrition, rich in calcium and vitamin D is a 
preventive factor for later osteoporosis.
If you would like to participate in this study and know whether or not you are at risk of osteoporosis, please 
fill in this questionnaire and return it to your teacher. A call will be arranged to make a one time appointment 
to Al-Sabah Hospital. Tests will involve 10-15 ml blood withdrawal and a DXA scan.
This study is designed for females aged 10-18 years old. Please write down the information with as much 
certainty and precision as possible.
Consensus:
I f  you understand the nature o f  the study and wish to participate, please have your parents/guardian sign 
this form. The information obtained from this questionnaire and examination results will remain 
confidential and will only be used for research purpose. You are able to withdraw from this study at any 
time.
N a m e  o f  p a e r n t /  g a r d i a n : 
S i g n a t u r e :
Serial number
1 Name
2 , Date of birth (Age)
3 School and class
4 Telephone numbers
^ -  —-v: v  r 7 ^ . ;  r c  smmmttBmmaam&m
- 1 -
Q u e st io n n a ir e  f o r  h e a l t h  a n d  so c io e c o n o m ic  sta te
W r i t e  d o w n  t h e  c o r r e c t  i n f o r m a t i o n  a n d  m a r k  t h e  c l o s e s t  a n s w e r ( s )  w h e n  e v e r  p o s s i b l e  |
Health status
1 Do you suffer from any 
disease?
liver kidney skin GI diabetes 1
hyperthyroidism asthma heart rheumatoid
arthritis
thalaessemia no
2 If you suffer from any 
diseases, name it
3 Do you take
supplements/medication?
vitamins 
(Vit. D)
minerals
(Calcium)
cortisone insulin no
4 If you take any other 
medication, name it
5 Does any of your family 
suffer from bone 
diseases?
yes no
6 Are you post-puberty? yes no - - -
7 When was the onset of 
puberty?
Socioeconomic state
8 What is your nationality?
9 Where do you live? .
1 0 How much is the income 
of your family? ..........................................................................................................................................................................................................................................................................................................................................;
1 1 How many members live 
in your house? ........................................................................................................................................................................................................................................................................................................................................... :
1 2 How many rooms are 
available in your house? 1 !
13 How many members do 
you share with your 
room? j

Sun exposure questionnaire for 10-18 year old girls --------------- Jl------------------------A----------------------------------------------------------------------------9i__________________C2_______
Name: Serial number:
W r i t e  d o w n  t h e  c o r r e c t  i n f o r m a t i o n  a n d  m a r k  t h e  c l o s e s t  a n s w e r ( s )  w h e n e v e r  p o s s i b l e .
What type of dress do you wear? boushyia niqab hejab unveiled
How long have you been wearing it? 1 m 3 m 6  m 1 year more
Which part of your body is exposed? hands feet face head/arms
/legs
none
Where do you use sunscreens? at home at school in car other never
Where are you exposed to direct sunlight? at home at school in car other never I
Please focus on the past two weeks when answering the following questions.
How often did you leave the house during the 
daytime?
daily (n) 3-5 /w 1 /w 1 -2 /m never
In your estimation, how long were you exposed to 
direct sunlight during outdoors?
<5 min 15 min 30
min
> 1  hour never
Mostly, during what time of the day was that? 7-10 am 1 0 - 1 2
am
12-3
pm
3-6 pm night
Where did you usually go on weekdays? school shopping
/dinning
visiting camping none
How often? (write no. of days under each place 
above)
What time did you leave & return (write under 
each place above)?
Where did you usually go on weekends? school shopping
/dinning
visiting camping never
How often? (write under each place above)
What time did you leave & return? 1
Do you have an exposed backyard at home? Yes No \
How long did you usually spend time there? <5 min 15 min 30
min
> 1  hour never jl
Which parts of your body are exposed in backyard? ; hands feet face head/arms : 
/legs
none j
In your estimation, how long was the average total 
sunlight exposure per day? (in the past 2  weeks)
<5 min 15 min 30
min
> 1  hour never 1
Do the past two weeks represent your habitual sun 
exposure during this season?
exactly mostly usually rarely no 1
T h a n k  y o u  &  G o o d  l u c k
FOR THE SUMMER GROUP
Food Frequency Questionnaire for the evaluation of 
vitamin D status and bone health
Serial number: 
Name:
M a r k  t h e  c l o s e s t  a n s w e r  t h a t  t r u l y  d e s c r i b e s  y o u r  m o d e  o f  d i e t .
1 How many times do you 
drink milk? (how many a 
day?)
daily 3-5
times/week
once/week once/month do not 
drink
2 Which milk brand?
3 How many times do you 
drink leben (sour milk)? 
(how many a day?)
daily 3-5
times/w
once/w once/m do not 
eat
4 Which leben brand?
5 How many times do you 
eat yogurt? (how many a 
day?)
daily 3-5
times/week
once/week once/month do not 
eat
6 Which yogurt brand?
7 How many times do you 
eat Cheese/ lebnah/ 
cream?
daily 3-5
times/w
once/w once/m do not 
eat
8 How many times do you : 
eat eggs?
daily 3-5
times/w
once/w once/m do not 
eat
9 i How many times do you j 
eat meat?
daily 3-5
times/w
once/w once/m ; do not 
eat
1 0 How many times do you 
eat chicken?
daily 3-5
times/w
once/w once/m do not 
eat
- 1 -
1 1 How many times do you , 
eat fish?
daily 3-5
times/w
once/w once/m do not 
eat
I
1 2 How many times do you 
eat green leafy 
vegetables?
daily 3-5
times/w
once/w once/m do not 
eat
13 How many times do you 
eat fresh fruits?
daily 3-5
times/w
once/w once/m do not 
eat
14 How many times do you 
drink carbonated drinks? 
(how many a day?)
daily 3-5
times/w
once/w once/m do not 
drink
15 Which kind do you 
mostly drink?
16 How many times do you 
drink tea? (how many a 
day?)
daily 3-5
times/w
once/w once/m do not 
drink
17 | How many times do you ; 
drink coffee? (how many j 
a day?)
daily 3-5
times/w
once/w once/m do not 
drink
18 How many times do you 
eat chocolate bars? (how 
many a day?)
daily 3-5
times/w
once/w once/m do not 
eat
- 2 -

Food frequency questionnaire focused on calcium 
and vitamin D dietary intake for 12-18 year old girls
Name: Serial number:
M a r k  t h e  c l o s e s t  a n s w e r  t h a t  t r u e l y  d e s c r i b e s  y o u r  h a b i t u a l  d i e t .
How many times do you drink milk? daily (...) 3-5 /w 1 /w 1 -2 /m never
Which milk brand?
How much at one time? half can half cup a cup 2  cups more
How many times do you drink laban? daily (...) 3-5 /w 1 /w 1 -2 /m never
Which laban brand?
How much at one time? little half cup a cup 2  cups more
How many times do you eat yogurt? daily (...) 3-5 /w 1 /w 1 -2 /m never
Which yogurt brand?
How much at one time? 1 Tbsp 2 Tbsp 3 Tbsp 4 Tbsp more
How many times do you eat 
cheese/labna/cream?
daily (...) 3-5 /w 1 /w 1 -2 /m never
Which of them do you eat mostly? cheese labna cream
How much at one time? 1 Tbsp 2 Tbsp 3 Tbsp 4 Tbsp more
How many times do you eat eggs? daily (...) 3-5 /w 1 /w 1 -2 /m never
How many do you eat at one time? 1 egg 2  eggs 3 eggs 4 eggs more
How many times do you eat meat? daily (...) 3-5 /w 1 /w 1 -2 /m never
What type of meat do you mostly eat? hot dog hamburger steak minced piece
How much at one time? 1 piece 2 - 1-2 Tbsp 3-5 Tbsp more
How many times do you eat chicken? daily (...) 3-5 /w 1 /w 1 -2 /m never
What type of chicken you eat? hot dog hamburger felieh nuggets piece
How much at one time? 1 piece 2 -............ J 1-2 Tbsp : 3-5 Tbsp more
How many times do you eat fish? daily(...) 3-5 /w 1 /w 1 -2 /m never :
What type of fish? :
How much at one time? 1-2 Tbsp 3-5 Tbsp 6 - 8  Tbsp half fish 1 fish
How many times do you eat leafy 
vegetables?
daily (...) 3-5 /w 1 /w 1 -2 /m
i
never
What type of vegetables? parsley coriander lettuce rocket spinach
How much at one time? 1-3 Tbsp 4-7 Tbsp a c up 2  cups more 1
How many times do you eat fruits? daily (...) 3-5 /w 1 /w 1 -2 /m never i
What type of fruits? citric apple banana dates tropical
How much at one time? 1 -fruit 2 - 3- 4- more
How many times do you drink sodas? daily (...) 3-5 /w 1 /w 1 -2 /m never
Which kind do you mostly drink? pepsi 7 up others
How much at one time? half can a can 2  cans 3 cans more
How many times do you drink tea? daily (...) 3-5 /w 1 /w 1 -2 /m never 1
How much at one time? 1 isticana 2  isticana a cup 2  cups more
How do you drink it? alone fresh milk can milk powder mi _____1
How many times do you drink coffee? daily(...) 3-5 /w 1 /w 1 -2 /m never I
What type of coffee? Arabian American French cappuccino mocha 1
How do you drink it? alone fresh milk can milk powder mi j
How much at one time? flnjan 2  flnjan a cup 2  cups more I
How many times do you eat chocolate? daily(...) 3-5 /w 1 /w 1 -2 /m never j
What type of chocolate? kit kat galaxy others 1
How much at one time? a bite 2-4 bites a pack 2  packs more j
Do you eat fiber/cornflakes? daily(...) 3-5 /w 1 /w 1 -2 /m never 1
Which brand?
How much at one time? 1-3 Tbsp 4-7 Tbsp a cup 2  cups more 1
Do you eat brown bread? daily(...) 3-5 /w 1 /w 1 -2 /m never j
What type? Lebanese Iranian toast samon other 1
How much at one time? quarter half one two more j
How many glasses/day of water do you 
drink?
What type? Name it [tap [mineral
T h a n k  y o u
- 2 -


Physical activity questionnaire for 10-18 year old girls
N a m e : S e r i a l  n u m b e r :
W r i t e  t h e  a n s w e r  t h a t  t r u l y  d e s c r i b e s  y o u r  m o d e  o f  p h y s i c a l  a c t i v i t y .
Do you take sports classes a t school? If yes, how often?
Are you involved in a sports program at school? If so, what type?
Since when and how often? (per week)
Are you enrolled in an outdoor activity outside school? (gym, walking)
Since when and how often? (per week)
When do you perform it? (daytime/ night)
Do you have any routine activity at home? Mention
Since when and how often? (per week)
Do you perform any of the following: jogging, running, soccer, 
basketball, tennis, squash, weight-lifting, rope-skipping, jumping, warm­
up exercise, fast walking, gymnastics, swimming, rowing, cycling.
— — -----------------------------_ _ — _ — --------------------—
Since when and how often do you perform the activity?
For how long (min) do you perform the activity?
Do you consider yourself inactive/lightly/ moderately/ or highly active?
- 1  -

Extent of Vitamin D Deficiency in Kuwait Adolescent Females Aged 10-18
Years: Implications for Peak Bone Mass Attainment
KHULOOD ALYAHYA1-2, ZAIDAN ALMAZEEDI2, JANE B MORGAN1, JACQUELINE BERRY3,
SUSAN A LANHAM-NEW1 and WARREN TK LEE1 
ICentre for Nutrition & Food Safety, School of Biomedical and Molecular Sciences, University of Surrey, 
GU2 7XH, 2Department of Pediatrics, Al-Sabah Hospital, Kuwait, 3 Vitamin D Research Group, 
Department of Medicine, University of Manchester, Manchester, M13 9WL 
Sponsored by the Government of Kuwait
There is increasing evidence that females in the Middle East are not getting sufficient vitamin D; the 
perceived reason being the lifestyle and habitual mode of dress which limits sunlight exposure. This is 
cause for concern for all females living in the Middle East but particularly for adolescent females. Veiling 
is an Islamic and cultural tradition usually beginning around puberty, the period during which bone mineral 
accrual is considered to accelerate. Bone mineral accrual in the adolescent years is crucial for the 
development of a high peak bone mass which has been shown to decrease the risk of post-menopausal 
osteoporosis, and subsequent fractures. The aim of this study was to assess the extent of vitamin D 
insufficiency/deficiency among Kuwaiti adolescent females and to assess the impact of veiling on indices 
of bone health.
A total of 82 adolescent females were enrolled in the study with a mean (±SD) age of 14.5 ± 1.76 years. 
Fasting blood samples were collected for the measurement of vitamin D status (25-hydroxyvitamin D, 
250HD) which was measured by HLPC. Bone mineral density (BMD) and bone mineral content (BMC) of 
the lumbar spine (L1-L4) were measured using DXA. Anthropometric measurements and skin colour type 
were determined. Standard questionnaires of food frequency intake, estimated sun exposure time and 
physical activity level were used.
Mean (±SD) 250HD level for the whole group was 8.54 ± 4.5 ng/ml, with extensive vitamin D deficiency 
amongst the females. Only two subjects had 250HD levels above 20 ng/ml. Sub-dividing the group into 
girls who were fully veiled, partially veiled or unveiled showed lower levels of 250HD in those fully (7.47 
± 3.9 ng/ml) or partially (7.99 ± 3.7 ng/ml) veiled compared to those unveiled (10.1 ± 5.4 ng/ml) although 
the differences were not statistically significant.
These results suggest extensive vitamin D deficiency in adolescent females living in Kuwait. Further work 
is required to examine the full impact of these findings on peak bone mass attainment. There is currently no 
public health policy in Kuwait regarding the health awareness of vitamin D intake in the general 
population.

ABSTRACT SUBMITTED TO FESTIVAL OF RESEARCH, UNIVERSITY OF 
SURREY, GUILDFORD, 14™ JULY 2006.
EXTENT OF VITAMIN D DEFICIENCY IN THE KUWAITI ADOLESCENT 
FEMALES Khulood Alyahya, Susan Lanham-New, Warren Lee, Jane Morgan.
Nutrition and Food safety Group, SBMS, University o f Surrey. There is growing 
evidence that females in the Middle East are not obtaining sufficient amount of 
vitamin D, the perceived reason being the lifestyle and the habitual mode of dress, 
which limits sunshine exposure. This situation is a cause for concern particularly for 
adolescent females because sufficient vitamin D status has been shown to promote 
bone mineral accrual in adolescence. Achieving a high peak bone mass may help 
decrease the risk of post-menopausal osteoporosis, and fragility fractures. The aim of 
this study was to assess the extent of vitamin D insufficiency/deficiency among 
Kuwaiti adolescent females and to assess the impact of veiling on their bone health.
A total of 82 adolescent females (mean age 14.5 y ± 1.76) were enrolled in the study. 
Fasting blood samples were assayed for vitamin D status (250HD) by using the 
HLPC method. Lumbar spinal BMC and BMD (L1-L4) were measured using Dual­
energy X ray absorptiometry (DXA). Anthropometric measurements and skin-colour 
type were determined by standard methods. Food intake was assessed by a food 
frequency questionnaire. Duration o f sunshine exposure and physical activity level 
were also obtained in standard questionnaires.
Results showed that none of the females had adequate vitamin D status (serum 
25OHD<30ng/ml) and 80.5% were vitamin D deficient (serum 250HD<12ng/ml). 
One-way ANOVA post-hoc test revealed the fully veiled females having a 
significantly lower serum 250HD (p<0.05) when compared with the unveiled 
females. Serum 250HD was inversely associated with PTH (r=-0.52, p<0.001), but 
was not associated with lumbar-spine BMC or BMD. These findings suggested that 
extensive vitamin D deficiency was common amongst this group o f adolescent 
females living in Kuwait. To conclude, lifestyle, in particular, the mode of dress in 
Kuwaiti females significantly reduces sunshine exposure and thus the vitamin D 
status. The extent to which may have an impact on bone health requires further study. 
Currently, there is no public health policy in Kuwait addressing the awareness of 
vitamin D nutritional status in the general population.

ABSTRACT SUBMITTED TO NUTRITION SOCIETY WINTER MEETING, UNIVERSITY 
OF CAMBRIDGE, 11-13™ DECEMBER 2006.
Low vitamin D status and poor eating habits among Kuwaiti adolescent females: a public health 
concern for optimisation of bone health By KHULOOD ALYAHYA1’2, ZAIDAN ALMAZEEDI2, 
JANE B MORGAN1, JACQUELINE BERRY3, SUSAN A LANHAM-NEW 1 and WARREN TK 
LEE1. Centre for Nutrition & Food Safety, School o f Biomedical and Molecular Sciences, University
0 5of Surrey, GU2 7XH, Department o f Pediatrics, Al-Sabah Hospital, Kuwait, Vitamin D Research 
Group, Department o f Medicine, University of Manchester, Manchester, Ml 3 9WL
Despite the critical time of the adolescent years to bone health and development, the eating habits of 
adolescent females is a cause for concern for bone health optimization. Rare consumption of milk and 
dairy products, while regular consumption of carbonated beverages has been widely reported in 
Caucasian subjects (Harkness & Bonny, 2005). Low vitamin D levels among adolescent females have 
been confirmed in the Middle East (Gannage-Yared et al., 2000) and else where (Moore et al., 2004). 
Thus, the aim of this study was to assess the vitamin D status and eating habits of the Kuwaiti 
adolescent females and to examine their likely impact on peak bone mass attainment.
A total o f 82 adolescent females were enrolled (mean age 14.5 y ± 1.76 SD). Anthropometric and 
pubertal assessment (months since menarche, MSM) were performed. A standard food frequency 
questionnaire was completed. Fasting blood samples were collected for the assessment of vitamin D 
status, PTH, & calcium. Lumbar spinal BMC and BMD (L1-L4) were measured using DXA.
Results showed that none of the girls were sufficient with vitamin D (ie., 250HD < 30ng/ml), and 
80% of them had levels below 12 ng/ml. Daily consumption of milk, and cheese & cream was found 
among 16% and 35% of the females respectively. In addition, 23% did not consume milk at all, and 
35% had a daily consumption of carbonated beverages. The table shows the biochemical, BMC and z- 
score values.
Vitamin D and bone indices o f  the Kuwaiti adolescent females (n=82).
Variable Mean ± SD
25(OH)D (ng/ml) 8.45 ± 4.5
l,25(O H )2D (pg/ml) 41.66 ± 20
PTH (pg/ml) 84.8 ± 87
Corrected calcium (mmol/L) 2.24 ± 0.1
LSBMC (g) 46.63 ± 9.1
LSBMCZ-score -0.08 ± 1.1
In light o f the literature, these results suggest that the low vitamin D status and the poor eating 
habits of the Kuwaiti adolescent females, aged 10-18 years, may not promote a healthy bone state. 
However, further analysis is underway to examine the full effect o f these and other factors on bone 
mineral density.
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EXTENT OF VITAMIN D INSUFFICIENCY IN KUWAIT ADOLESCENT 
FEMALES: IMPLICATIONS FOR OPTIMISATION OF PEAK BONE MASS
By KHULOOD ALYAHYA1’2, ZAIDAN ALMAZEEDI2, JANE B MORGAN1, 
JACQUELINE BERRY3, SUSAN A LANHAM-NEW1 and WARREN TK LEE1. 
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University of Surrey, GU2 7XH, Department o f Pediatrics, Al-Sabah Hospital, 
Kuwait, 3 Vitamin D Research Group, Department of Medicine, University of 
Manchester, Manchester, M l3 9WL
There is growing evidence that females in the Middle East are not obtaining sufficient 
amounts of vitamin D, the perceived reason being the lifestyle and habitual mode of 
dress, which limits sun exposure. This situation is a cause for concern for all females 
living in the Middle East. Veiling, is an Islamic and cultural tradition, usually 
beginning around puberty, the period during which bone mineral accrual is considered 
to accelerate. Bone mineral accrual in the adolescent years is crucial for high peak 
bone mass development which has shown to decrease the risk o f post-menopausal 
osteoporosis, and eventually, the risk of fractures. The aim o f this study was to assess 
the extent o f vitamin D insufficiency/deficiency among Kuwaiti adolescents.
A total o f 82 adolescent females were enrolled (mean age 14.5 y ± 1.76) in the 
study. Fasting blood samples (20ml) were collected for assessment of vitamin D 
status. 25-hydroxyvitamin D was analyzed by HLPC in a validated laboratory in the 
UK. Bone mineral density (BMD) and bone mineral content (BMC) of the lumbar 
spine (L1-L4) were measured using DXA. Anthropometric measurements and skin 
colour type were determined. Standard questionnaires regarding food frequency 
intake, estimated sun exposure time, and physical activity level were used on all 
subjects.
Results of the 25 OHD measurements indicated a mean value o f 8.54 ng/ml ± 4.5 
for the group. Vitamin D deficiency (using the definition o f < 8 ng/ml) was evident in 
53.7% of the females, with 43.9% of subjects having 25 OHD levels between 8-20 
ng/ml. Only two females had 25 OHD levels between 21 and 28 ng/ml. In addition, 
mean values of 25(OH)D in each group were 7.47 ±3.9, 7.99 ± 3 . 7  and 10.1 ± 5.4 
ng/ml for fully veiled, partially veiled, and unveiled groups of adolescent females 
respectively.
These results suggest extensive vitamin D deficiency amongst adolescent females 
living in Kuwait. There is currently no public health policy in Kuwait regarding the 
health awareness of vitamin D intake in the general population. Further work is now 
currently underway to examine the full impact of these findings on peak bone mass 
attainment.
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Vitamin D
Sources
❖ V ita m in  D is  a  fa t  
s o lu b le  v ita m in . 
❖ S o u rc e s :
❖  Diet (oily fish, cod liver, 
margarine, butter, milk, 
fortified cereals, eggs, 
supplements)
❖  Sun light (UVB, 290- 
SI 5 nm)
Fortlflod Cereals
Vitamin D
M echanism  o f activation
U V. light
S k in
1,2S (O H ^D j (Active Compound)
Vitamin D
Requirem ents
A ge  g ro u p DR!
(Institute of Medicine, 1957)
RNI
(Department of Health, 1991)
0-6 m o n th s 5 ug (200 !U) 8.5 jig  (340 IU)
7 m o - 3  y 5 u g (200 iU) 7 jig  (280 IU)
4 - 50 ye a rs 5 jug (200 IU) NA
51 - 64 ye a rs 10 jig  (400 iU) NA
65 -  70 yea rs 10 J i g  (400 iU) 10 jig  (400 iU)
71 + ye a rs 15 jig (600 IU) 10 jig  (400 IU)
Vitamin D
D efic iency
❖ V ita m in  D  d e f ic ie n c y  c a u s e s :
❖ Rickets in children.
❖ O steom alacia in ado lescents and adults.
❖ Secondary hyperparathyro id ism . 
❖ C o m m o n ly  u s e d  c u t  o ff; 12  n g /m l ( 2 5 0 H ) D
Kidney
reabsorption
calcium^
•2 5 0 H .
y^Bone 
resorption 
V Q f calcium
Vitamin D
Function: m aintain serum  calcium
1
Vitamin D
People at risk
❖ P e o p le  a t r isk :
❖ Living in high latitude
❖ E thnicity (darker skin)
❖ Lim ited ou tdoor activity
❖ E xclusive ly breast-fed infants 
❖ A g ing
❖ V eiling
Kuwait
Vitam in D studies
❖ Only one study com pared ve iled and unveiled 
fem ales ( 1 4 -4 5  y)
•> (El-Sonbaty & Abdul-Ghaffar, 1996, E uropean Journal of clinical Nutrition, 
vol.50, p.315-318).
❖ veiled (14.4 nmol/L, unveiled (30.2 nmol/L) (p<0.001).
❖ 4 studies on vitam in D de fic ient-rickets ( 0 - 2  y). 
❖  Causes;
❖ limited sun  exposure
❖ inadequate  w eaning practice
❖ totally breast-fed
❖ low m aternal vitamin D during pregnancy and  lactation
Study aim
T o  a s s e s s  th e  le v e l o f  v ita m in  D  s ta tu s  a m o n g  
th e  K u w a it i a d o le s c e n t  fe m a le  p o p u la t io n  
a n d  its  im p a c t o n  P B M  a tta in m e n t
Study objectives
Short term
❖ To assess the im pact o f ve iling on vitam in D 
status
❖ To determ ine the im pact o f v itam in D sta tus on 
bone health
❖ To determ ine lifestyle  factors contributing to 
vitam in D defic iency and bone health
MOPE  OF P R E SSING OF KUWAITI F EMALES
U N I O N
I
„ j
State of Kuwait
L atitude; 28 .3  - 30.3 N  
L o n g itu d e ; 46 .3  - 48 .3  E  
A rea; 17,820 s q  k m  
P op u la tio n ; 2 ,418,393 (1,127,039 Ku)
r.-.vr J
•-■Q
x r - W B M
Study objectives
Long term
❖ To investigate whether there is a seasonal variation in 
vitamin D status in Kuwaiti adolescent females and its 
impact on bone health
❖ To directly compare vitamin D status and bone health 
between the Kuwait and British adolescent female 
population
❖ To establish mother-daughter relationship between 
vitamin D and bone indices in the Kuwaiti population
Methodology
recru itm ent
❖Collaboration with Dr. Zaidan Almazeedi 
at the Department of Pediatrics, Al-Sabah 
Hospital, Kuwait.
❖Healthy females (10-18 y) recruited and 
signed a consent form with parents.
Methodology
A nth ropom etric  & questionna ires
❖Anthropometric measurements 
❖Skin type (Fitzpatrick classification)
❖Questionnaires:
❖ health and socioeconomic states
❖ sun exposure & mode of dress 
❖physical activity level
❖food frequency intake
Methodology
Clinical & laboratoria l
❖  Bone densitom etry o f (L1-L4) using DXA.
❖  Blood collection fo r b iochem ica l testing;
❖ (250HD, 1.250H2D, PTH, Calcium)
•> Super-regional assay  labs (SAS) by Dr. J. Berry
❖ HPLC for vitamin D
❖ SPSS (data entry, norm ality tests)
Results
G eneral descrip tives (n=82)
❖82 females enrolled in the study (Jun.-Aug). 
❖Mean age 14.3 ±1.9 years.
❖77 (93.9%) pubertal.
❖48 (58.5%) with family history of bone 
disease in siblings or ancestors.
❖Skin type IV most frequent.
Results
A nth ropom etric  descrip tives (n=82)
V s r is b lom . . _ M ean M in .Mmmmi M ax.
Height (cm) 158.5 6.6 141 180
W eigh t (kg) 59.2 14.9 37 97.5
BMI (kg/m 2) 23.5 5.3 15.5 39.5
W a is t circum. (cm) 76.3 11.3 60 107.5
Hip circum . (cm) 99.2 12.1 70 129
3
Results
Vitam in D & bone ind ices descrip tives (n=82)
2 5 0 H D  (ng/m l) 8.5 4.5 1.6 27.9
1 ,2 5 0 H 2D (pg/m l) 41.7 20 17 168
PTH (pg/m l) 84.8 87.1 10.6 505.3
S .C alcium (m m ol/L) 2.3 0.1 1.9 2.6
LSBM C (g) 46.6 9.1 24 64.1
LSB M C Z-score -0.1 1.1 -2.8 1.9
Results
2 5 0 H D  (ng/m l) ranges (n=82)
< 6 26 31.7 31.7
6 -1 1 .9 40 48.8 80.5
1 2 -1 7 .9 13 15.9 96.3
1 8 -2 3 .9 2 2.4 98.8
2 4 -3 0 A1 1.2 100
1,Z50H2D  
R =>0.212 : 
,P o 0 .056
250H D
Results
2 5 0 H D  associations
Hip circum. 
R=0.45 
P=0.0
Vafat circum. 
R - 0.346 
P=0.001
Results
Factors a ffecting BMC
•
'■Vy:'
Results
BMC graphs (n=82)
BMC vs. Hip circumference
250HD  
R=> -0.52 
P = 0.0
Results
PTH associa tions
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Results
PTH graphs
PTH vs. 250HDPTH vs. BMC
25(uH)U
To w hat extent does veiling have an 
im pact on vitam in D status am ong the 
Kuwaiti adolescent lem ale population?
Results
2 5 0 H D  levels (ng/m l) across the subgroups
1 ' ■  
G ro u p s M ean SD (±) M in . ‘M axT j
Fully veiled (n=19) 7.2* 4 1.6 15.3
Partia lly veiled (n=38) 8 3.7 3.4 21.1
Unveiled (n=25) 10.1* 5.5 2.5 27.9
•  * A NO VA with post-hoc analysis (Tukey) P< 0.046
FUTURE WORK-1
1. im pact oi seasonal changes on vitam in 
D status am ong Kuwaiti adolescent 
iem ales
Methodology
. D a t ^ b t i i t ^ b  ■ v  -i W in te r-s ty  tty
A nthropom etric
m easurem ents
C om pleted ‘i
Q uestionna ires C om pleted 0
Blood collection for 
b iochem ical analysis
C om pleted ?
Bone densitom etry of 
lum bar spine
Com pleted ?
Next study plan
• Vitamin D was measured in 
late Summer (Jun-Aug), during 
the summer break.
Vitamin D will be measured again 
at the end of Winter/Spring 
(Feb-Mar), directly after the 
mid-year holiday.
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FUTURE WORK-2
2. Comparison Detween Kuwait levels ol 
vitam in D with UK levels.
Methodology
❖  S e n d in g  U K  s e ru m  s a m p le s  to  S A S  la b s  
in M a n c h e s te r  fo r  b io c h e m ic a l a n a ly s is .
❖  C o m p a r in g  th e  U K  v ita m in  D  s ta tu s  
( re s u lts )  w ith  K u w a it i re s u lts .
FUTURE WORK-3
3. Determining m other-daughter 
relationship in hone health  and vitam in D 
in the Kuwaiti fem ales
Study plan
❖  R e c ru it in g  m o th e rs  o f  o u r  p a rt ic ip a n ts . 
❖ C o m p a r in g  th e ir  v ita m in  D  a n d  b o n e  h e a lth  
re s u lts  w ith  th o s e  o f  th e ir  a d o le s c e n t 
d a u g h te rs
Methodology
•• . ..........
a i i f f t  .
An th ropom etric
m easurem ents
Com pleted 9
Q uestionnaires Com pleted ?
Blood collection for 
biochem ical analysis
Com pleted 9
Bone densitom etry C om pleted 9
Study plan
• Vitamin D was measured in 
Kuwaiti adolescent females
• Vitamin D will be measured in 
serum samples of UK adolescent 
females {obtained from a 3-year longitudinal 
nutrition & bone growth study in UK adolescent 
females (Nurmi-Lawton, 2004,JBMR, vol. 19, 
no. 2 ,314-322 )}
6
QUEST iOHS
THE END
*
Vitamin B deficiency among Kuwaiti adolescent 
females: a public health call
By
Kliulotxl Alyahya (PAAED 
Dr. Zaidan Almazeedi (Al-Sabah Hospital)
Dr. Susan lanham-New (University of Surrey, UK)
Sponsored by die Public Authority for Applied Education 
and Training (PAA.ET)
Literature
• Vitamin D deficiency has notably been 
reported in the Middle East
PMbtkaOM R*|J*« Satjatt* At* Ata»rfA«rt»4y lUwlttrf** rt»*y
pVlHlil*
on  lb*  4a>  of d v lh w y .
\ i.* H  2 5 O H 0  lt>r .M -A dm  * r « u j.»  »  U  J  \
y.^n I ’OHD f* AVSsikab jrwtp n«  1? * 
IU5IWT » oda k*ckpr>*«nd **.»»
• Serenius et al, J Clin Pathol (1984) 37:444- 
447
• Saudi Arabia
• 119 newborns at birth & mothers were 
evaluated for 250HD (survey)
• Results:
-  81 n e w b o rn s  w e re  < 1 0  nm ol/L .
-  30  m o th e rs  w e re  < 1 0  nm ol/L .
-  No a s s o c ia t io n  b e tw e e n  w e ig h t & 250H D  w a s  
fo u n d .
• Lubani et al, Ann Trop Paediat (1989) 3:134- 
139
• Kuwait, Farwaniya Hospital
• Results:
-  In a  p e rio d  o f  five y e a r s ,  250 ch ild re n  (1-24 m o) 
w ith  e v id e n c e  o f v itam in  D d e fic ie n cy  r ic k e ts  h a v e  
b e e n  re p o r te d  a n d  tr e a te d  a s  c a s e s  o f v itam in  D 
d e fic ie n t r ic k e ts .
• Dawodu et al, J Pediatr (2003) 142:169-173
• UAE
• 90 infants, solely breast-fed (1-2 mo) & 
mothers (survey)
• Results:
-  M ean 250H D  w a s  11.5 nm ol/L  in in fa n ts , & 21.5  
nm ol/L  in m o th e rs .
M o d e  o f d ress  
?
• Th is  situation is a cause fo r concern particu larly 
fo r ado lescent fem ales.
• Su ffic ien t v itam in D status has been shown to 
prom ote bone m inera l accrual in adolescence. •
• Ach iev ing  a high peak bone m ass m ay help 
decrease  the risk o f post-m enopausa l 
osteoporosis, and frag ility  fractures.
• A lm ost 50%  o f the bone is laid in adolescence. 
Thus, the ado lescent period is a critical tim e fo r 
bone m inera liza tion  atta inm ent and m ay determ ine 
bone health in the  la te r years.
• Molla M., Pediatr int (2005) 47:649-652
* Kuwait
« 214 mothers & neonates at term
• Results:
-  40%  o f  th e  m o th e rs  & 60%  o f th e  n e o n a te s  a re  
v itam in  D d e fic ie n t o n  th e  d ay  o f de liv e ry .
-  M ean  2 5 0 H D  fo r  A I-A dan g r o u p  w a s  13.3 (6.5) 
ng /m l fo r  th e  m o th e rs  & 8 .2  (6.5) ng /m l fo r  th e  
n e o n a te s .
-  M ean 250H D  fo r  A l-S ab ah  g ro u p  w a s  17.6 (12.4) 
fo r  th e  m o th e rs  & 8.1 (7.3) ng/m l fo r  th e  n e o n a te s .
• El-Sonbaty & Abdul-Ghaffar, Eur J Clin Nutr 
(1996) 50:315-318
• Kuwait
• Assessed 250HD of 50 veiled Kuwaiti 
females (14-45 y), controlled with 22 
unveiled females
• Results:
-  S ig n if ic a n t d iffe ren c e  b e tw e e n  th e m  (p< 0 .001)
-  V eiled  h a d  14.4 nm ol/L , u n v e ile d  h a d  30 .2  nm ol/L .
Females in the Middle 
East are at a high risk 
for vitamin D deficiency
t
W h y ?
• Ghannam et al, Calcif Tissue Int (1999) 65:23- 
28
* Saudi Arabia
• 321 pre- & post-menopausal females
• Results:
-  M ean  250H D  level=  24 .5+17.2  nm ol/L .
-  52%  o f  th e m  w ith  2 5 0 H D  <20  nm ol/L .
• Mishal, Osteoporos Int (2001) 12:931-935
• J o rd a n
* 66 (55 F, 11 M) 18-45 y
* R e su lts :
- Mean 250HD in the summer for the men, fuliy 
veiled, partially veiled, & unveiled females were 
43.8+5.2, 24.3±5.8, 28.3±4.5, and 36.7±6.1 
respectively.
- No significant difference between the female 
groups (using Scheffe test).
What are the lifestyle factors that 
influence vitamin D status in the 
Kuwaiti females
?
?
?
Study aim
To assess the level of vitamin D status 
among the Kuwaiti adolescent female 
population
Study objectives
❖ To determ ine lifestyle  factors contributing to 
vitam in D defic iency and bone health
❖ To determ ine the im pact o f v itam in D status on 
bone health
Methodology
recru itm ent
❖ R ecruitm ent from  a school and several sum m er 
clubs during the Sum m er break.
❖ Oral p resentation & in form ation sheets w ith 
inclusive /exclusive questions subm itted & 
returned.
❖ Consent form s signed w ith  parents.
N utrition
O u td o o r
ac tiv itie s
V itam in  D 
d e fic ie n cy
H o u sin gK n o w led g e
Results
Biochem ical (n=82)
Variable
f""'x „ . t *
2 5 0 H D  (nm ol/L) 21.25 11.25 4 70
1 ,2 50 H 2D (pg/m l) 41.7 20 17 168
PTH (pg/m l) 84.8 87.1 10.6 505.3
C orrC a lc (m m ol/L) 2.23 0.08 1.82 2.46
Methodology
Clin ica l & laboratoria l
❖ Bone densitom etry o f (L1-L4) using DXA.
❖ Blood collection fo r b iochem ical testing;
❖ (250H D , 1.250H 2D , PTH, Calcium).
❖ S uper-reg ional a s s a y  labs  (SAS) by Dr. J. Berry.
❖ HPLC for vitamin D.
❖ SPSS (data entry, norm ality tests)
Methodology
Inc lusion/exclusion
❖ A g e s  10-18 years old.
❖ A sians, Caucasians
❖ Free o f skin, heart, liver, kidney, G l, and blood 
d iseases.
❖  Free o f m edication  & supplem entation.
❖  Non-m arried.
Results
2 5 0 H D  (nm olL) ranges (n=82)
250HD frequency
< 15 26 31.7 31.7
1 5 - 2 9 .9 40 48.8 80.5
3 0 - 4 4 .9 13 15.9 96.3
45 -  59.9 2 2.4 98.8
6 0 - 7 4 1 1.2 100
Results
Descrip tion o f the sam ple (n=82)
❖ 82 fem ales enro lled  in the  study (Jun.-Aug).
❖ M ean age 14.3 ± 1.9 years.
❖ 77 (93.9% ) post-puberta l.
❖ 48 (58.5% ) w ith fam ily  h istory o f bone d isease in 
sib lings or ancestors (se lf reported).
❖  Skin type IV m ost frequent.
❖  19 w ere fu lly veiled, 38 w ere  partia lly  veiled, & 
25 w ere unveiled.
Methodology
A nth ropom etric  & questionna ires
❖ A n th ropom e tric  m easurem ents 
❖  Skin type (F itzpatrick c lassification) 
❖ Q uestionna ires:
❖ health  s ta te  & puberta l s ta g e  (Time s in ce  M enarche) 
❖ socioeconom ic  s ta te
❖ su n  ex p o su re  & m o d e  of d re s s
❖ physical activity level 
❖ food frequency  in take (FFQ)
Results
Milk & carbonated drinks
Food Consumption daily 4 times/week once/week once/month never
Freq % Freq % Freq % Freq % Freq %
Milk consumption 13 16 21 26 20 24 9 11 19 23
Yogurt consumption 6 7 16 20 19 23
• ■ 19 23 22 27
Cheese/cream consumption 29 35 32 39 13 16 4 5 4 5
:T '; -•
Tea consumption 22 27 16 20 8 to 12 15 24 29
Coffee consumption 5 6 11 13 15 18 15 18 36 44
V.
Chocolate consumption 28 34 31 38 18 22 4 ,. :3 1 1
Carbonated beverages
consumption 29 35 30 37 13 16 8 10 2 2
Results
BMC graphs (n=82)
PmOO 
BMC vs. Height
Height
R«051 
P*0.0 
BMC vs. weight
BMC vs. Hip circumference
Log weight
Results
2 5 0 H D  levels (nm ol/L) across the subgroups
GrOUPS
• • - . • ...I
Fully ve iled (n=19) 18* 10 4 38
Partia lly veiled (n=38) 20 9 8.5 53
Unveiled (n=25) 25* 14 6 70
* * A NO VA with pun-hoc analysis ( Tukey) P<0. u46
Results
Meat, V egetab les & fruits
Food Consum ption daily
4
tim es/w eek once/w eek once/m onth never
Freq % Freq % Freq % Freq % Freq %
M eat consum ption 1 1 27 33 20 24 14 17 20 24
Chicken consum ption 20 24 42 51 16 20 3 4 1 1
Egg consum ption 8 10 31 38 22 27 13 16 8 10
Fish consum ption 0 0 6 7 18 22 27 33 31 38
Vegetables
consum ption 12 15 26 32 20 24 12 15 12 15
Fruit consum ption 15 18 37 45 16 20 9 11 5 6
Results
PTH graphs
PTH vs. 250HDPTH vs. BMC
BMC (g) 25(OH)D
Results
Bone ind ices (n=82)
❖ Four fem ales were osteoporo tic  (z-score < 
-2.5).
❖ 16 were osteopen ic (z-score < -1.0).
V ariab le t i S S n * I W p p f M m T ' i i l i K
LS-BMC (g) 46.6 9.1 24 64.1
LS-BMC-z-score -0.1 1.1 -2.8 1.9
Conclusions & recommendations
• Increase aw areness am ong fem ales to be 
exposed to the correct sunlight.
• Increase the know ledge about the im portance of 
the v itam in in calcium  absorption and bone well 
being.
• S pecific  care m ust be given to pregnant wom en 
and so le ly lactating m others as th is my be a 
critica l period for an irreversib le bone loss.
Future work
❖Complete the analysis.
❖Assess the seasonal impact on vitamin D 
status in adolescent females.
❖Compare the Kuwaiti results for vitamin D 
with the UK results.
QUESTIONS
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Literature
• M ishal, O steoporos Int (2001) 12:931-935 
» Jordan
• N= 146 (22 men, 124 w om en)
» A ge  (18-45 y).
• Results:
- 6 3 %  were de fic ien t (<12.5 nmol/L).
Literature
• G hannam  et al, C a lc if T issue  Int (1999) 65:23-28
• Saudi Arabia
• 321 pre- & post-m enopausa l fem ales
• Results:
-  M ean 2 5 0 H D  level=  24.5±17.2 nmol/L.
-  52%  o f them  w ith 2 5 0 H D  <20 nmol/L
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Literature
• 4 studies on vitam in D de fic ien t-ricke ts ( 0 - 2  y). 
• Causes:
• limited sun exposure
• inadequate weaning practice
• totally breast-fed
• low maternal vitamin D during pregnancy and lactation
Literature
• Dawodu e t al. J. Biosoc. Sci (1998) 30, 431-437
• UAE
• 3 groups o f fem a les (UAE, Arab, European)
• Results
-  UAE fem a le s  ob tained  8 .6  ng/ml ± 1 250H D .
-  A rab fem a le s  ob ta ined  12.6 ng/ml ± 1.
-  E u ropean  fem ales  ob ta ined  64 .3  ng/ml ± 1.
Introduction
• Vitamin D deficiency has notably been 
reported in the Middle East, especially 
among females.
Literature Introduction
• E l-Sonbaty & Abdul-G haffar, E u r J Clin Nutr 
(1996) 50:315-318
• A lm ost 50%  o f the bone is laid in adolescence.
» A ssessed  2 5 0 H D  o f 50 veiled Kuwaiti fem ales 
(1 4  - 4 5  y), contro lled  w ith 22 unveiled fem ales
• Results:
-  S ign ificant d iffe rence between them  (p<0.001) 
-V e ile d  had 14.4 nmol/L, unveiled had 30.2 
nmol/L.
• Suffic ient v itam in D sta tus has been show n to 
prom ote bone m ineral accrual in adolescence.
* A ch ieving a high peak bone m ass m ay help 
decrease the risk o f post-m enopausa l osteoporo tic  
fractures.
Study aim Study objectives
To assess the level of vitamin D status 
among the Kuwaiti adolescent female 
population
• To determ ine lifestyle  factors contributing to 
v itam in  D defic iency and bone health
• To determ ine the im pact o f v itam in D sta tus on 
bone health
Methodology
recru itm ent
Methodology
Inclusion/exclusion
• Recru itm ent from  a school and severa l sum m er 
c lubs during the S um m er Vacation.
• O ral p resentation & in form ation sheets with 
inc lus ive/exclusive  questions subm itted & 
returned.
• C onsent fo rm s signed w ith  parents a t Hospital.
• A ges 10-18 years old. .
• Free o f skin, heart, liver, kidney, Gl, and blood 
diseases.
• Free o f m edication & supp lem enta tion.
• Not m arried, not m others.
Results
Biochemical
(n=123)
Variable Mean SD (±) M ’n
250H D  (nmol/L) 21.35 10.06 4 69.5
PTH (pmol/L) 10.54 15.5 1.17 140
Calcium  (corrected) (mmol/L) 2.25 0.097 1.77 2.46
LS-BMC (g) 46.6 9.65 20.47 72
LS-BM D-z-score -0.15 1.14 -3.4 1.9
Results
Description of the sample-1
• 123 females enrolled during (Jun.-Aug).
• 89 (72.4%) Kuwaitis.
• Mean age 14.43 ± 1.9 years.
Methodology
Anthropometric & questionnaires
* A n th ropom etric  m easurem ents
» Skin type (F itzpa trick classification)
• Q uestionnaires:
• health  s ta te  & puberta l s ta g e  (M onths sin ce  
M enarche)
• socioeconom ic  s ta te
• su n  ex p o su re  & m ode  of d re s s
• physical activity level
• food frequency  in take (FFQ)
Normal range of vitamin D (250HD) 
in nmo/L
25.0 75.0
D eficiency Insufficiency Sufficiency
Results
Description of the sample-2
• Skin type IV most frequent (50%). 
•116 (94.3%) pubertal (MSM 2.7 ± 2.05
months).
• 63 (51.2%) with family history of bone 
disease in siblings or ancestors (self 
reported).
Methodology
Clinical & laboratorial
• Bone densitom etry o f (L1-L4) using DXA- 
Hologic.
• Blood co llection fo r b iochem ica l testing;
• (250H D . PTH, C orrec ted  Calcium).
• SPSS (data entry, norm ality  tests)
250HD range & frequency in girls
(n=123)
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Differences in vitamin D among 
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Differences in 250HD among 
differently dressed girls (n=i23)
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N utritionK n o w led g e
Predictors of vitamin D status Predictors of vitamin D status using 
Multiple regression
Veiling 0.269 0.004 26.91
Milk Intake 0.103 0.253 10.28
Fitzpatrick skin type -0.001 0.991 -0.10
UV intensity during exposure 0.124 0.195 12.39
Frequency & duration of 
outdoors
0.015 0.876 1.53
R-value 9.9% (p<0.001)
4
LS-BMC z-score range & frequency 
in girls (n = i2 3 )
LS-BMC
z-score
Weight
Hip drcum. Pubertylone Mineral
Weight-bearing
V
Predictors of BMC
Predictors of BMC using 
multivariate regression
Independent variable Beta ! P-value
Height (cm) 0.42 0.001 41.98
Weight (kg) 0.20 0.006 19.97
Weight-Bearing activity 0.07 0.292 6.59
M S M  (month since menarche) 0.30 0.001 29.98
PTH pmol/L -0.20 0.002 -20.34
R-square 57.1% (p< 0.001)
Frequency of dairy intake in girls
(n=123)
N umber 
of ca se s
B u tte rM ilk  Y o g u r t  C h « e s e &Milk
CONCLUSIONS & RECOMMENDATIONS
• Increase aw areness among fem ales to be 
exposed to the correct sunlight.
• Increase the know ledge about the im portance o f 
the v itam in in calcium  absorption and bone well 
being.
• Fortification o f foods & supp lem entation during 
critical periods and am ong those who are at risk 
o f vitam in D deficiency.
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questions
